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J3()OK 1 V. — CONTINIKI). 
CIKOTKCTONie (STIUKTUUAL) (JEOUXIV, 

OK THK ARCHITKOTl'KE OF THE KAKTH’s (TU'ST. 


Part VII. EKumvE (Igneous) Kooks as Part of the Struuturk 
OF TiiE Earth’s (^rust. 

The lithological differences of eruptive rocks having already been 
described in Book II. (p. 1 95), it is their larger features in the field that 
now require attention, — features which, in some cjiaes, are readily ex^ 
plicablo by the action of modern volcjinocs ; and which, in other cases, 
by bringing before us parts of the economy of volcanoes never observablo 
in any recent cone, reveal dee|)-8eate<l rock-structures that lie l)eneath the 
upper or volcanic zone of the terrestrial ciust. A study of the igneous 
rocks of former ages, as built up into the framework of the crust, thus 
serves to augment our knowledge of volcanic ;iction. 

At the outset, it is evident that if eruptive nxsks have been extruded 
from below in all geological ages, and if, at the same time, denudation of 
the land has been continuously in progress, many masses of molten 



Fig. 293 .--Exteii»ivH>Mlpnu«l»**l \olcanlc IHxtrict (/!.). 


poured out at the surface, must have been removed. But the 
removal of these superficial sheets would uncover their roots or downwanl 
proloDgaflt%^ and the greater the denudation, the deeper down must 
have been the original position of the rocks now exposed to daylight. Fig. 
§93, for example, shows a district in which a series of tuffs and breccias 
(46) traversed by dykes (m) is covered unconformably by a newer senes 
(d depojits (df). Properly to appreciate the relations and history of these 
TOQkMf We mnst bear in mind that originally they may have presented 
TOL. II B 




somo iu^b ontli^ as in ^ig. 294, wbw* tha 
293) down to which denudation has proceeded is represented ^e dottM 
line n We may therefore*a priori expect to encounter different levels 
of eruptivity, some rocks being portions of sheets that solidified at the 
surface, others forming jmrts of injected sheetSjror of the pipe or column 
that connected the suijcrficial sheets with the internal lava-reservoff. 
We may infer that many masses of molten rock, aftejp being driven 
so far upward, came to rest w'ithout ever finding their way to the 
surface. It cannot always be affirmed that a given mass of intrusive 
igneous rock, now denuded and exposed at the surface, was ever connected 
with any superficial manifestation of volcanic action. 

Now, as a general rule, some difference may be looked for in texture, 
if not in composition, bctw'cen superficial and deep-seated masses. The 
latter have crystallised slowly among warm or even hot rocks under 
considerable pressure, while the foimer have cooled much more rapidly 



Fi)?. 294. — lleHturod uiitliiic of the original foim orgrouiid in Fig. 293 (h.). 


in contact with the atmo.sphcre or with chille<l rock.s. This difference is 
of so much importance in the inter[»retati(>n of the history of volcanic 
action that it should Ih) clearly kept in view. As the result of actual 
observation, it is found that those jwrtions of an eruptive mass which 
consolidated at some depth are geiuTdlly more coarsely crystalline than 
those which flowed out as lava ; they ai’e likewise usually destitute of the 
cellular scoriaceous stnicturc and the ashy accomixiniments so charac- 
teristic of superficial igneous rocks. Y^ct even if there were no well- 
marked petrographical contrast betw'ccn the two groups, it would 
manifestly lead to confusion if no distinction were drawn between 
those' igneous masses which reached the surface and consolidated there, 
like modern lava-streanrs or showers of ashes, and those which never 
found their way to the surface, biit consolidated at a greater or less depth 
beneath it. There must be the same division to be drawn in the case of 
every active volcano of the present day. But at a modern volcanfi, only 
the materials which reach the surface can be examined, the nature and 
arrangement of what still lies underneath being matter of inferen^. ^In 
the revolutions to which the crust of the earth has been subjectea, how- 
ever, denudation has, on the one hand, removed superficial of lava 

and tuff, thereby exposing the subterranean continuations oi the erupted 
rocks, and, on the other hand, has laid open the very heart of mas^ wbicU^ 
though eruptive, seem never to have been directly connected with actual 
volcanic outbursts. 


* De la Becho, ‘Geol. Observer,’ p. 561. 
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The progreM of reeeeroh emong the eruptive reeks T>f the eaith'e 
crust hae brought to light tHe foUowingJlmportant facts regarding theniL 
1st, They are not distributed with invariable identity of petrographieal 
characters over the globe, but are grouped in more or less distinct areas 
or provinces, in each of which a general family relationship may be 
traced among the different igneous masses.^ This consangirinity in 
mineralogicaU composition and microscopic structure, though it may 
hold good on the whole throughout ciich province, may be found to 
vary consider.ibly even in adjacent provinces, which ar(3 distinguished in 
turn by other peculiarities. 2nd, There has U‘en in each distinct region 
a more or less definite sequence in the order in which the different rocks 
or varieties of rock have appeare<l, and this sequence, though its general 
features may be recognised as broadly sinnlar everywhore, is subject to 
considerable local variations. 3rd, Not only luis there l^een a process 
of differentiation in ttie magma reservoirs within the terrestrial crusty 
whereby the injected or ejected materials at the end of an eruptive 
cycle have come to differ, sometimes to a great degree, from those that 
appeared at the beginning, but even within the same igneous mass, after 
its expulsion from the re.servoir into the crust, there Inis often arisen a 
separation of the mineralogical constituents, the iiiorc acid moving to one 
portion of the mass and the more basic to another. Sonto of these features 
have already been incidenUilly referred to in connection with modem 
volcanic action,’ but it is ordy where aticient eriij>tivo rocks have been 
laid bare by denudation that the evidence is obtainable for a satisfactory 
<liscus8ion of the subject, liefore entering, therefore, upon the considera* 
tioii of the igneous rocks as part of the slrncturc of the Ciirth’s crust, we 
may with advantage attend to the throe facts just enumerated, which 
supplement and extend the conclusions <l<*(lucible from a study of modern 
volcanoes. 

1. Fetrographioal Prorincei. — The example ot these wliuh has been moat Be<hilously 
studied is probably that of the Christiania district, which has been so fully made known 
by the long-continued and detailed researches of Professor Hrogger. He lias shown that 
the eruptive rocks of that part of Scandinavia form, a consecutive scries, specially 
distinguished by its high {leiceiitage of soda, and inclyding a number of types seldom 
observable elsewliere. He finds a genetic connection between the diflVreut memb(‘rs of this 
series. On tile one hand are thoroughly acid rocks, including different varieties of 
granite and quartz-syenite, with acid quartziferous augite-syenite (Akeritc), a |)ecuHar 
intermediate group of basic augite-syeiutes (Laurvikite), nephelino-Kyenilc (Laurdalite) 
and%nica-syeiiite, and a thoroughly basic series comprising cainptonites, liostonitea, 
and olivitie-gabbro-diabases/‘‘ 

Another province which is distinguished by the i>otrographical character and sequence 
m iS rocks U that of the Carboniferous region of the south of Scotland. It possesses a 
great devdopment of andesites with some pocnliar trachytes, and a copious series of 
more beS^Wks, ranging from dolerites without olivine to basalts and liinbuigites.’ 

» J. W. Judd, Q. J. U. & xlU. (18S6), p. 54. 

^ *Dle Miiieralien der Syenitpegmatitgange,’ Leipzig, 1890; Basic Eruptive Itockr oi* 
OnuL*' Q. J.G.S,\ (1894), p. 15 ; *Die Kniptivgesteine des Kristianiagebietea,' Kristiaais, 
1894>ttS, and ante, p. 217. 

* * Ancient Volcanoes of Great Britain,' cliiq[ie. xdv.-xsvUL 




tj[8 a^OTECTONfO {STRUCTVsH) 

A nur^nl (ktro|^phical province u to be found in the line of old Italiu volconoce 
which licM on the west aide of the Apenuine Chain from Tuscany to Naples. This tract 
is more especially charactertMed by ibe abundance of its lencitic rocks, which are some’ 
times accompanied by trachytes and other nondeacitic masses. Great variety among 
the volcanic products is displayed at each eruptive centre, yet the range of type remains 
tolerably uiiiforin throughout.* ^ 

2. Sequence of Eruptive Rocks. — In various parts of the world, 
where a large connected series of eruptive rocks ha.s l>eeii Studied in .some 
detail, a more or less distinct local order of succession has been ascertiiiiied 
to have marked the appearance of the several petrographic types of each 
province. Allusion has already (<inte, p. 349) been made to evidence 
of such a setpienec among the products of modern and still active volcanoes. 
Hut it is in the records <»f older volcanic and pi ii tonic action, laid bare 
by prolonged denudation, that the evidence; can be most fully perceived. 
As far back as 1868, Haroii von Uichthofen expressed his belief that from 
the obsorvatiejns made by him in Euro})e and in North America a general 
order of occutTcnce of eruptive rocks could be esUd»lished, ami this order 
appeared to him to bo first Propylite, followed sucee.ssively by Andesite, 
Trachyte, and Uhyolite, and ending with Basalt.- If the two first 
members of this series be regarded as practically different conditions of 
the same rocks, the order given by von Uichthofen begins with material 
of intermediate composition, then passing through stages of increasing 
acidity reaches the rhyolites, and finally emls off with a thoroughly basic 
compound, ^i/. basalt. 

ConMulcrable ilillVroiu’o of opinion exists as U> wliethei any mu Ii older of n]))»eaianee 
can be recogiii.so(i as of geueial application, aiul .still more as to the cause to which it 
should be assigned. This question has hcen investigated in gieat detail by Prufessor 
Brbgger. He behoves that the eruptive rocks of the Chiistiama district not only form a 
distinct petrographical ]»rovince, hut, as already stated, that they have a I'lose genetic 
connection with each other, and appeared in a detinite onler according to chcnucal and 
mineralogical composition. They .seem to la; mostly of Devonian or Old Ked Sandstone 
age, and occur as intrusive bosses and dykes a.s well u.s surfa<'u outflows. The earliest 
eruptions were strongly basic, coiusistiiig of olivine-gabhru-diahases. With these were 
associated dyke.s and sheets of eamptonite and hustoiiite. Later came the iiepbeline- 
syenites, followed by the granitic rocks, while last of all came a multitude of basic in- 
trusions, now found in narrow' dykes of diabase ami allied types, often auiygdaloidal.® 

In the Eureka district, Nevada, Mr. Arnold Hague has ascertained that among the 
great Tertiary eruptions there displayed, the earliest consisted of horiiblcndc andesite 
and hornblondc-mica andesite, followed by dacito and then by rhyolite and rhyolitiif 
pumice and tuff. He believes that tlio rhyolites were succeeded by pyroxene-amfcsites, 
and those are closely related to the basalts, w'hich form the latest of the series.^ 

In tlie Yellowstone Park the older of eruption established by the members of the 
United States Geologieal Survey is andesite of mean composition, follow'ed by er|||)tft!hs 
of more basic andesite 'and basalt, and mort* siliceous andc.site and dacite, and by basalt, 

* De Stefaui, B{>1. Sor. (•'nU. UaL x. (1891), p. 449; H. S. Washington, Journ. Oeol. 

vols. IV. and v. * 

* “Tiie Natural System of Rocks,” Califonu Acad. Sci. 1868. An excellent historical 
somtnary of views regarding the internal magmas of the earth is given by Zirkel in his 
‘Lehrbuch,’ i. pp. 458-471. 

’ See his Memoirs cited on pp. 217, 221. 


Monograph xx. U. S, O. S. p. 249, 
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rh;oIit«, and bualt,th*iHril«r being locelljr modified in diflerent diitricte, biitTliegenenl 
tuoo«snon being from a rock of aTerage eonrpoaitioft through 1cm siliccoiia and more aiil- < 
oeoua tjrpca up to rocks rich iu silica on the oue hand, and others rxti'cmely low in that 
constituent on the other.* 

More recently Mr. J. E. Spiirr has gathcreil all the evidence at present available 
mgarding the succession and relations of the lavas in the fJroat Hasin region of the Western 
Unitewi States, ^le thinks th.it an earlier acid group exists which is not «ieveloped in 
every district, and that when the whole swpieiice is complete it is as follows in order of 
ap[)oaraiice : (1) Rhyolite (gianiti* arnl alaskite) ; (2) Andesites of various ty|)e8, with 
gradual transitions to tlie fullowing; ‘It) Uliyolite (soinetiiiies with complementary 
olivine-basalt) ; (4) Andesite of various tyjies with gradual transitions to the next group ; 
(5) llasalt (sometimes with complemcntaiy rhyolite). Between Nos. 1 and 2 and between 
3 and 4 tliere is a break indicating a long lapse of time.*'* 

A remarkable sequence has Wen found by Messrs. Lawson ami Palacbe in a long 
series of Plittcene eniption.s among the Berkeley Hills near San Francisco. No fewer 
than five, |>ossibly six, cycles have there la-pn displayed, in which the sainc order of 
recurrence of volcanic material appears. In each of them the earliest discliargcs were of 
andesites, followed by ba.salt and that by rbyoliU*. 

The most complete volcanic recoid yet de.s«*rilH*d is that ]>res»‘«tcd in tho British Isles, 
where each great geological hystciii from the Arcliiean to the Permian includes intercalated 
eruptive ro«ks. This extended chionicle«‘onii*rises the tletailed history of a long succession 
of volcanic cycles witliiii a comparatively restricted aica of the earth's Riirface. Each of 
these cycles ]*i'obalily cmlnicd for a piotractcd time, and the intervals Wtween them 
may hiue been even nioie juoh>nged From the Pi rmian to the early part of tho 
Tertiary periods then* was a coni|'lctc qiiicseciice in volcanic setivity, for in tho Triassic, 
Jurassic and Cretaceous formations m» ve.stigc of any contcinporaneons igneous rocks has 
lieeii found. In oMci Tcrtiuiy tune, however, the subterranean forces once more broke 
into eruption and piled up tin' cxtensi\c plateaux and bills of Antrim and the Inner 
Hebrides. 'I’liere is thus a succcs.sion of volcanic records in which tlio materials oin bo 
urianged chionoloi:icHll> in tin* older of their appejiiiiuee. The result of a study of these 
ree<»ids i>, to show that each lepiesdits iiime or lcs.s completely a cycle of ])etroguphical 
development. The I'ailiest emptiojis aic gem ially intenne«liate or basic, and the rocks 
then ht-conie more silice<ms, but the last ;tre uMially busic. In the basin of the Firth of 
Fcirth, w here the ( 'ai Itoinb ious voli-anic sei les i.s most fully devehqs'd, tho oldest eruptions 
consisted nnainly <tf amlchitcs, but included ‘-oine more basic out Mows. In East Lothian 
these rocks are oveilain with a thick groiqiof ti.ichytes, whidi are acc(m)j>anieil by bosses 
of phonolite. But in the following i»r Caibonifcions Limestone portion of the ]>eriod the 
eruptions consisted ni iinly of basalts, <ifieij exticm* !y basic. The Tertiaiy cycle is even 
more distinct in tho west of .‘Scotland. Above lb« denuded Ohalk lies a tbiek pile of 
basidts, which towards the lop are surcee«led by or interstratificd with trachytes ami 
tracbytic tuffs. Next come huge eruptne masses of gabbro, including jwridoiites. These 
are disrupted by granites ami grariopbyus, while the youngest rocks of all are hasalLs in 
the form of dykes, which tiaver'-e all the otliei parts of the series, ' 

^ Whiitcvt^r explunation tiiay be givi'ii of it, thort; can be tio doubt that 
a secpieiice in the order of appearance of eruptive rocks can he c.stablished 
in moab^^tricts where any extensive series of these rocks is displayed. 
Tho orderuoes not apjiear to Ixi quite the wime in every region, and the 
•differences are perhaps too great to be explicable on any of the hypotheses 

* J. P. Iddiugs, ‘’On the Origin of Igneous Rocks," Hull, Phil. Sop. Wttshxngl»jri, xii, 

(1892). D, 145. 

* Joitm. Onol. viii, (1900), pp. 621-646. 

® ‘Ancient Volcanoes of Great BriUin,’ chaps, xxiv.-xxviil, xxxiil-l. 
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thdt have been proposed. On the whole, however, ^ ta r^ *0 
^believe that the prevalent seqi^nce is that above indicated, vir., from an 
intermediate to a more acid composition, with a concluding effusion of 
basic material. This subject is so closely connected with differentiation that 
it must be further considered in the following {^ges. j- 4 *^^ 

3. Differentiation in Eruptive Rocks. — This subject has been studied 
from two different sides, topographical and chronological. In the firat 
place, single masses of rock exposed at the surface have been carefully 
examined, with a view to determine the nature of the obvious petro- 
graphical differences that occur even in the same body of material ; and, in 
the next place, the various separate eruptive masses in a province have 
been grouped in their order of appearance, and have been analysed 
chemically and microscopically, so as to reveal their gradations of com- 
position and stnicture. In the one case, we have before us the differentia- 
tion of an intruded mass during its cooling and consolidation, in the other 
the evidence of heterogeneity or difterentiation in the magma reservoir 
underneath, either existing at the time of active volc^nism or developed 
during the course of long intervals of time, and manifested in the differ- • 
ences between successive discharges. Each of these heads has given rise 
to much discussion and a considerable addition to geological literature. 

(a) In (Ifaling with a single mass of rtx.k, exposed at the surface, it U not difficult to 
gather the facta as to variations in texture and comjjosition of its different i>art8, though 
there may be considerable diversity of opinion as to their explanation. An excellent 
example of the differentiation which may be detected in a single body of erupted material 
was described in 1892 by Messrs. Dakyns ami feall from (farabal Hill and Meall Breac 
in Argyllshire.^ A large mass of biotite-graiiite, which has there invafled the mica schisto 
of the Highlands, passes from a porphyritic condition into tonalite (quartz-diorite). 
Along its south-eastern mat gin it is flanked by a IwH of diorite, with which are associated 
ultra-basic rocks. There is thus a great Inxly of acid material occupying some ten 
square miles, which becomes increasingly nchl towards the margin, presenting inter- 
mediate varieties of homblende-biotite granite, tonalite, diorite, and augite-diorite, the 
series terminating in such highly basic compounds as wehrlites (olivine-iliallage rocks), 
picrites (olivine-augite rocks) and serpentine. The first rucks formed were peridotites, 
followed by diorites, tonalites and granites in the order of increasing acidity. The most 
add portion of the whole mass occurs as narrow veins in the granite and tonalite, and 
consists of felspar and quartz with hardly any feiTO-insgnesiaii constituents,* 

Another iiistaiioo of remarkable differentiation within one body of erupted material 
has been studied by Mr. Harker in Carrock Fell, in the English Lake district.* This 
hill consists of an acid rock, having the structure of granophyre, with large associated 
masses of gabbro and dialiase. The gabbro shows a remarkable increase of specific 
gravity and of basicity towards its margin. Its central portion haa a density lest than 
2*85, abundant free quartz, and a maximum silica- percentage of 69*46. From^lfllO 
condition it progressively changes to the outer border wnere the s{)eoifie gravity rises 
above 2*95, the silica-percentage sinks to a minimum of 32*50, while the if^^tiou of 
iron-ores amounts in places to a fourth of the whole rock. The granophyre is of younger 
date tlian the gabbro. It is an augite-granophyre, having 71*60 per cent of silica, but 
towards its margin, where it comes in contact with the most basic zone of the gabbro, 

> g. J, a, S. xlvlii. (1892), p. 104. o 

* The basic margins of the P^'reneau granite are otherwise explained by Lacroix. 

780. * q.J, 0,8. (1894), p. 811 : It (1896), p. 125. 





H lol4 «liilictarf lUTing ineorponted some of the gobbro toto its sobttttico. 

Tt^ this ctas^ the msiginsl modification is due to the caustic action of the acid rock 
upon another mass outside, and not upon any process of differentiation within the 
granopfayre itself. A similar effect, previously describe*! by Professor Sollas, is even 
more strikingly developed at the' junction of granophyre dykes with the gabbro of 
Bamavave, Carlingford, Ireland.* And Mr. Barker hhnself has more recently described 
other striking exagiples of the same caustic action from the junctions of the granophyre 
with the gabbro of the Isle of Skye j>. 776). 

We thus perceive two causes which may in different cases produce marginal niodiilca 
tions in the structure and composition of eruptive rocks : 1st, an actual differentiation 
of their own snbatance, whereby the more basic and more acid constituonta are separated 
from each other into different portions of the mass ; and 2iul, a change due to the 
solution of the I'ocks with whicli an intrusive mass comes in contact, and the incorporation 
of more or less of the dissolved material into the younger body. It is obvious, however, 
that this latter cause must be at the best of merely local extent, and can hardly go far 


from the margin into the bo<ly of a large eruptive mass. 




Fig. ‘i05. Bsiidetl ami puckerwl gHbbm, Druiui an Eidhiip, Olen 8Hd;»chan, Mkye. 


(6) Evidence has multiplied in recent years that the processes of differentiation are 
carried on upon a large scale within the magma beneath the terrestrial crust. Thia 
evidence shows thst in some cases during a period of continued eruptive activity, the 
magma has become seporsted into more basic and more acid portions, from each of which 
intrusions or discharges are made successively or simultaneously. The existence of such 
a heterogeneous magma is well illustrated by the handed gabbros and other similar rocks, 
where the materials have been injected or ]»rotruded simultaneously from sources of 
strikingly different chemical and mincralogical comitosition. Thus the Tertiary gabbros 
of Skye include rapid alternations of |»ole and dark bands, the former composed mainly 
of labradorite, with some angitc, uralitic Ijonihlenjle and magnetite, and containing 62 
per cent of silica ; the latter sometimes cousisting of little else than augite and magnetite 
with only 29*6 per cent of silica. The bands are tolerably parallel to each other, but are 
lenticular or not continuous for a long distance. That they belong to the time of 
extravasation and not to any subsequent process of differentiation in siitr, is shown by 
thllm^aBional puckering and curvature. They were evidently disturbed while still in a 
jdastic condition. These rocks present a striking resemblance to many ancient gneisaes.* 

* TirtialJ^oy. /risk Acad. xxx. (1894), p. 477 ; also Gvil. Mag. 1900, p. 295. 

• » A. G. and J. J. H. Teall, V. /. U. & 1. (1894), p. 646 ; A. O. Comid. rend, Conffrit, 

(Mi, IntemaL Zurich, p. 139 ; ‘Ancient Volcanoes of Great BriUin,' ii. p. 341. Banded 
gabbnw have also been described from the Radauthal by liossen, Z. l>. O. G. xliU. (1891), 
p- 503 ; and by F. D. Adams, from the Saguenay district, Ntnts. Jahrh, BeilagA. vIlL 
(1898), p. 462. This structure, which has been already noticed (p. 256), will be again 
nfimd to in connection with the Archwan gneisses (Book VL Part I, 1 1). 
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the Inner llehridee. Another illuj^ration of the sininltaneona existence of basic and 
a< iti portions in the same active volcanic focus is supplied by the Lower Old Red 
*Saiidstonn of Centra/ Scotland, where atnonff the andesitic and diabasic lavas there are 
interca/utfld coiiteinpuraneoiis sheets of acid dacite and breccias of rhyolitic or felsitic 
fragments. • 

fc) More usnully tljr‘ evidence, as above detailed, with reference to the serfuenco 
of enijitivc rocks, indicates that the variation has been slowly pro^^ressive diirin;? 
the Continuance ol a volc.'uiic period, so that the ejected materials at the end come 
lo ho eonaidcrahly dilfcrcnt in composition from what they were at the be^nning. 

It is dillicult to uiiderstaini this potrograj»hu*al sequence on any^ other ground than 
that it arista from a gradual separation of the constituents in the body of the 
subte.rraiiean magma. The more basic being the more readily separable may be ex- 
|)ccte(l to corno first and to leave :i moic acid residuum for the later discharges, 
iteference may again lie made here to Professor Brogger’s investigation of the genetic 
relationship between tlie several ty|ajs of rock which have made their appearance in the 
Christiania district. From the earliest of the scries, which are the most basic, to the 
latest, which (except tlio (iiial unimportant dykes of diabase) are the most acid, he has 
traced a continuous aeries of varieties, connected .so closely together by pas.s.age-types that 
he regards it as itnpos.sible to doubt that they have all originated from a common source. 
Dealing with tlie oldest group, ho thinks that the original basic magma which supplied 
the oliviup-gabhro-djabases, tliat were pressed up to a higlier level, aftei wards underwent, 
at a deupei level, a proce.s.s of diflerentiation wrhereby tliere was separated by dilfusiou a 
basic portion, which gave rise to the eamptoiiite intru.sions, while the more acid re- 
mainder supplied material for tlie hostoiiite dyke.s and sheets, Tliis ditTereiitiation has 
not only taken place within tlie magma leservoir, hut .'iDo in the dykes and sheets 
themsedves, where it must have occurrod after their injection into a highei level of the 
crust. Moreover, anotlier ty|)c of ditrereiitiattou occurs along the. western and northern 
margins of the boss of liraiidheiget, wheie the oliviiic-gahhro-diabase lias supplied a basic 
/one of almost ^uire pjroxenic composition, which has often ciystnlli/eil as a coarse- 
grainoil pyroxonite, containing ah much as 05 per cent of pyroxene. Again, in the 
laccolito of Viksfjeld, more acid ipiart/iferoiis augite-diorites are frcrpient as the latest 
pioilucts of dillcrentiation. Professor Brogger concludes that w'hatevcr may Ijc our ex- 
planation of the cause of these variations, there eau Im' no doubt that tlie ditVereiitiatinn 
has actually taken place ; and that ni this tdiristiaiiw region one and the same magma 
uttder dilVerent comlitions lias been dilferentiatcd in diflerent ways into dilferent groups of 
rook, with ilistiiict chemical comjMisitions in their several members.' 

'Fhe ex.auqdes of a .succession in the erupted inaleii.ils among the Terti.ny volcanic 
districts of tlie (treat Ikisin and .surrounding regions in Western Noith Aiiu'riea, afford 
an instrvtctivo lesson as to the nature of the changes >\bu U may take place in the con* 
slitution of the material that tills a magma teservoir duiitig the eontinuanoe of a volcanic 
perioil. With regard to the Kuieka di.-tiict. above cited. Mr. Hague remarks that all 
tile eriipttMl rock.s may lie referred to two .sharply defined grou]>s, one acid or felspatbic, 
the other ha.sie or ])yro.teriie. fii the former tlie earliest ami most ha.sie jiortion eonsi.sts 

‘ J. (*. N. 1. (IStU), pp. 15-37. ’I'Uc subject is more •xleusivcly elaborated n^iia 
memoiv on ‘Die Kruptwnestcmc dc'» Kristiawiage^nt'les.’ l\\ Part i. (pp. l‘23-15^bc ireatH 
of the rocks of the (trorudilv Tinguaite aerivs as priMlucts of different lation •j^aParl ii. be 
describes the succession of eruptive rocks at Ihvdarzo in the Tyrol, compares it with that ol 
the Christiania district, and discusse-s tlie mechanism of the intrusion of deep-seated eruptive 
masses ; in Part iii. (pji. 227-365) he enters fully into the genetic relations between the masses 
of liaurdalite and their accompanying dykes, and discusses the diifu&iou-hypotheris, the Kem 
hypothesis of Rosenhusoh, and various explanations which have lieen propose^l to aco^mt foj 
the phenomena of differentiation. 
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t intfnsive maases, which have disrupted thif Tertiary btael^^'pli^ttX of 
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which, merging insensibly into hornblendMniee-aiidlsite, *n<l 
gri^iii^lb^her by the addition of quartz Into jacite, then by decrease and failure 
of hon)ld0|i^ and the appcaranfee of orthoclase, passes into rhyolite. The oldest lavas 
of the pyroxene group were pyroxene andcsitea which gradually pass into baR-slK Mr. 
Hague believes it to be impossible to regard these diffcreiitiatwl volcanic jiroducts otlier- 
vAse than as having been derived from an original common rc.scrvoir.^ 


Any theor)%which is proposed to explain (his process of di flercntijition 
must take account of the consideratiojis s(;t(ed in the fon'goin/; ]Miriigr.'ipIis 
with regard to the sequ<*nce of erii])tive nx'ks, and more e.specialiy of the 
ftict that the cycle of change in the composition of the magma litis recurred 
again and agtiin within the same limited district. In I pointed out 
this i*ecurrence as singularly striking in the volcanic history of so limited 
an area as the British Isles, and remarked tliat“;is the successive pro* 
trusions took place within the same circiiinserihcd region it is cvident’that 
in some way or other, during the long interval between two periods, the 
internal magma was renewed a.s rcganls its ecinstitution, so that when 
eruptions again occurred they once more began with basic and ended witli 
acid materials.*' - h^icb of these perioils in which this recurrence was 
repeatxxl was terme<l by me a volcanic cycle. Their reconls ure not always 
complete, sometimes tlie earlier and sometimes the later stages being un- 
represented ; Imt tlic general order of apiM-aranee, of the rocks is main 
tained with roniarkahle persi.stcnee. Kven more .striking is the iiisUinrc 
above cited from the Berkelev Hills, wln*ie within one. comparatively 
small area no less than tive cycles were completed in Pliocene time. 

* Yaiious bypothesi's bav»‘ been proposal to in ronnt for MU‘b ••vidoiit duuigi H in large 
bodies of injected mutter, and also in the in.igina -roservoijs during a loi»g eonrso of 
eruptions. * Some \vt iters have supposed the oiigiii.a! existence of dilh reiilly c«»nslituted 
magmas which, erupted at dilfeient times oi simnltaneouhlx uml in dilleniit proportions, 
inigiit explain the observed phenomena, I’rofesaoi Rosenbiisch, for exjimple, has suggested 
the existence of .some live or si\ such fundamental magmas. Among the.se the granitic 
magma is repre.sented as including, besides gi.imte, the old voleanie quaitr ptuphyricH, 
and keratopiiyrea. and the younger voleaiu' leKolipantes, pantelleriteH and tru hytes ;• 
the gabbro-magma comprises, besidc.s deep-seat' d and oldu’ voleanie rocks, su'di younger 
Volcanic masses as basalt and leucititc.^ M. Miehel-hevy tabulatejt four magmas, eaeh 
capable of considerable subdivision, l.st, Alkaline (gtanuhtie, gmuitu-i leolitie, pantel- 
leritic) ; 2n(J, Alkaline-earthy (gfanito-tonalitie, granitic, juojK*r; ; Jtrd, Karthy-alknlinu 
tdiorito-diahasic, diahaso-l.ampiophyrie; ; 1th, Kerro- magnesian (lamprophyric, peri- 
dotic). But he coiisulers that only tuo luaguiaH are 8URee\itibU‘ ot a truly precise. 


* Mowograj'h. ,\x. S. (i. .s', pp. 2[)3-20H 

* t/ y. rv. S. xlviii, (1S92). p. 173 Ariiiiveiviry Presideiilml Address. 

excelJfiit historieal digest ot opinion on this subjeet will W foimd in Mr. hidings 
pai^^^ “Tile Origin of Igneous Rot k-,” Huff. Hfnf. S>h\ Wu'^hi nylon, xii. (1892). His 
Other Couti^^ions tiudude ^lapers m PmU. I’hif. Sor. Wnxhinqfon, xi. (1890), )>. 191; 
Journ. pp. 606, 82a ; V* J *•- h». (1896), p. 606. A review of opimnw 

ttu opposite point of view to that taken by Messrs. Brogger and hidings is given by 
M, Michel -Levy in his Note sur la (,'lasRifieation «les .Magmas des Roches hriiptives 
A S. O. F. XXV. (1897), pp. 326-377 ; also vp. at xxiv. (1H96), p. 123. 

* Hosenbuseb’s * Kern-Hypothese ’ is given in his pa|>er of 1889, ami somewhat modified 
In the Sr^! edition of his * Mikroskopische Fhysiographie,’ ii. p. 384. It is sumn»ari.sed and 
commented on by Brogger in his ‘ Qanggcfolge des Laurdalits,* iil. (1898), p. 302, 



714 


definition* »n«l po4eee i living iDdividiiftlity~-tlie.ftnt‘in^|li4Mi kad:tlliii T ^ 

« which are fundamental and behave different j at craptiT* maaiM^ the fbniMit ..Miff llh 
veauU generalljr of igneons fusion, the latter requiring the oo-operatioa of 
or pneumatolitic agents, ench as are seen in funierolea (onfst p./270), and to which h 
attaches vast importance. Ho believes that it is in the circulation of dnids charg^ 
with mineral solutions under pressure and a high temperature that we niuat seek tb 
active agent in the ditferentiation which takes place in the resefroirs of emptiv 
magma. ^ 

Other petrograpbera and geologists have endeavoured to account for the obaervo 
changes on the assumption that they have proceeded in each ease from one origini 
magma. Mr. Teall, in discussing the consolidation of molten magmas, proposed that they 
•hould be considered as solutions, and sought how far their behaviour could be exij^ined 
by the analogy of different solutions which had been studied experimentally. He dwelt 
npon the significance of the researches of Guthrie on cryohydrates, and of Lagorio on 
the glassy base of igneous rocks. He first su^ested the application to them of the dis- 
covery by Soret, whicli lie defined thus : " A homogeneous solntion remains homogeneous 
so long as the temperature remains uniform, but a disturbance in the equilibrium of 
tempeiwinre brings about heterogeneity in the solution. The compound or cdtnponnda 
with which the solntion is nearly saturated tend to accumulate in the colder paka.'** 
Various objections have been brought forward to the application of this principle as an 
adequate explanation of magmatic differentiation, and it is now admitted by Brogger 
that ordinary diffusion, whether by Soret’s principle or in any other way, is insufficient 
to account for the facts.^ Mr. Harker, dealing with that type of differentiation where 
a magma, supposed to be originally homogeneous, has had its more basic ingredients 
' concentrated in the cooler marginal parts, compared such a magma with a saturated 
saline solution, and suggested that the migration of the least soluble constituents to the 
part of the U<pud''nio8t easily saturated would determine crystallization, the process 
which, in the case supposed, would give the most rapid evolution of heat.*^ 

Mr. G. F. Becker, in criticising the hypothesis of differentiation by diffusion, dwells 
on the stupendous amount of time which by the methods of Ludwig and Spret would, 
he thinks, be required for the segregation of magmas, even if they could he kept free from 
convection currents. He assumes that the magma within the earth must be at least as 
viscous as lava, and that in such a mass convection currents must necessarily come in to 
prevent any se|>Bration of constituents by diffusion from appreciably affecting the com- 
position. He has subsequently projiosed another solution of the problem, so far, at 
least, as regards masses that have been erupted into the crust or up to the surface. 
Returning to the process of fractional crystallization, so well illustrated by the researches 
of Guthrie on eutectic mixtures, ho remarks that a mass of erupted material, injected 
into a fissure or cavity among cold rocks, will be subjected to convection currents, and a 


* See previous note, also B. S, O. F. xxvi. (1898), and ow/e, pp. 196, 199, for his notation 
to express the composition of the eruptive magmas. 

’* ' British Petrography,’ 1888, p. 394. See also Oeol, Mag. 1897, p. 663 ; and bb 
Presidential Address to iifol, Soc, for 1901. H. Backstrdm has remarked that*Soret’a 
principle applies only to very dilute solutions, and that we are still ignorant concerq^fl^pRbe 
behaviour of coiicentrated solutious, especially with reference to this principle, Jown%. QtA, 
1. (1898), p, 774. » Op. cit. p. 365. 

* Oeol. Mag, (1893), p. 546 ; Q. J, (?. S. I. (1894), p. 311. 

* Avmt, Jo/wm, Set. iii. (1897), p. 21. Professor BrOgger has replied to thb criUcbiil 
that we have no reason to believe the internal magma to be as viscous as Vesnvian bva. 
He points to the general absence of differentbtiou in superficial eruptive rocks and Ha 
Arequent presence in deep-seated masses, and he argues that so long as the magi%^ retains 
the enormous volume of aqueous and other vapours with which it b charged, it must ponaaa 
great internal mobility, * Ganggefolge det Laordalits,* p. 336. 
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If tii€ Uv» be supposed to be s hom^enous mfxture oi 
. . . the cruets which ivst form upon the walls will have 

necrT||l^j|tfiM«oiDpo«itioii at ^ leee fusible partial magma. The alratraction of the 
less fou4b)j^oaiu(t^^ will alter the composition of the circulating liquid, which will 
xmtioualtK titidl^towards the compoiition of the most fusible mixture of the component 
in^edients. when this composition is attained the magma will no longer undergo 
sbange Igt circulation and partial solhiification ; and the residual ma8S \vi]l gradually 
lolidify as a uniform material.^ This is undoubtedly an important suggestion, though 
it may, perhaps, not be of wide applicstion. Professor Hrugger has pointed out tiiat it 
requires that tha least fusible materials should collect along the margins, whereas the 
mntraiy is, for the most part, the rule. This is, at least, the case in largo masses, 
though in dykes, where the molten material has been lapidly chilled against walls of 
sold rock, the salband or marginal selvage is often less fusible and nioie acid than the 
centre. 


From this necessarily brief and ineoinplete summary of published 
opinions it will be seen that the problem of the cause of the differentia^ 
tion of igneous rocks, whether within the magma reservoirs or in 
extruded masses, is one of extreme complexity, the solution of which has 
not yet been reached. There seems to Imj no doubt that at least in 
regard to bosses, sills, and dykes, the variation has been to a considerable 
degree influenced by cooling, though it is less easy to conceive how this 
influence could have seriously affected the composition of the great 
magma reservoirs which certainly underwent a marked change during 
the course of a volcanic cycle. It may l)e, as Brbgger has said, that the 
process was connected in the moat intimate way with the crystallization 
of the molten material, and that certain analogies may be traced between 
the succession of changes involved in the processes of crystallization, 
differentiation and eruption.- The subject of the cr^^stallization of rocks 
has been already referred to in this volume (pp. 302, 403-415), and the 
important researches of Klie dc Beaumont, l)aubr^e, Fouqm^, Micheb 
L^vy and others have been cited. But some further allusion to the 
question is required here, more particularly in regard to the order of 
appearance of the constituent minerals of eruptive rocks, and the pf^ssible 
copnection of this order with the processes of differentiation and eruption 
discussed in the foregoing pages. 

Crystallization of Eruptive Rocks.'’ — The experiments of Messrs. 


' Amer. Journ. /ki. iii. (1897), ji. 257. 

* Qp. cit, p, 364. Out of the voliiiiiiiioim literature which during the laat dozen of 
jraaw has gathered round thi« subject, it is only jiowible to find room here for some of the 
more Important contributions. Besides the works of Teall, Harker, Sollaa, Broggrr, Iddiugs, 
IfiehglilUTy, Becker, Hague, Spurr and others already cited, the following memoirs arc 
•forthyoT special notice: L. V. Pirssou in 20//» Ann. Hep. l\ S. (rcoi. A'urr, Part iiL 
p. W9; We^^d Plrsson, R. V. S. O. S, Ho. 139, 1896; H. B. Washington, various 
papera in /onm. Oeol. iv. v. vi. vil. and ix., and Bw//. ^»W. Soc. Jiser. xL (1900), p. 389 ; 
J.eBL L. Vogt, Oed. Fifrm. .Stockholm, xiii. (1891), p. 476 ; Qonpt, rend. CmgrU. Oeol. 
Intemat. Ziiri^ 1894, p. 382 ; Zeitsch. Prakt. tieot. 1894, p. 381 ; 1895, pp. 145, 367, 
>44, 485; 19pCI^ p. 233; 1901, pp. 9, 180, 289, 827>--« remarkable series of researches 
^'*8M'ding ^ saptration of iron-ores in eruptive rocks, and its bearing upon the processes 
>f aagnudft dUhrentiation. 

* See thf axoellent snmmary by Professor Iddinga, Bnil. Phil, Soe. WoMhingUm, xi. 
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Foiiquis and Michel-L^vy demonstrate that 
could ))Q reproduced artificially by dry fusion, and 
ings and structures could be obtained pr^wly" siwar to ^ose: that 
occur in nature. The researches of Daubrde showed that at high (empera- 
tiires and pressures water contributes powerfully to the solution of various 
mineral substances and to the production of new minerals and rock- 
structures, though neither he nor his French colleagues ^could succeed in 
reproducing gninitic rocks by any methtxl tliey could devise. In recent 
years this synthetic researcli has been prosecuted on a much larger scale, 
and with eminent success, by Professor Morozewicz, to whose work 
allusion has above been made (p. 406). We have seen that he has 
succeeded in obtaining, from mixtures of their chemical ingredients, a large 
suite of minerals and a number of rocks, incliwling rhyolite and various 
bisiilts and andesites. Ihit his researches have some important bearings 
on tlic consolicktion and crystiillization of eruptive rocks as a whole. 
His exppiiments have brought out with clearness the alreatly known 
fact that the presence of alumina tends to retard the crystiillization of 
an alkaline silicate magma. He has found that when alumina is adde<l 
above the point of saturation to such a magma, its presence promotes 
the sefMiration of aluminous silicates. He experimented with mixtures 
having the chemical com|K).sitioii of rhyolite and also of basalt, and 
obtained products in which the structure and onbn* of appearance of the 
minerals were similar to those of these rocks in nature. He found that 
the minerals always crystallized in the same order, which is a constant 
function of the chemical composition of the magma, but his expcnmeiits 
led him to the conclusion that tins order is not governed by any one 
condition alone, such as fusibility, acidity, or basicity, but is the residt 
of several contributing causes, among which one of the mo.st important 
is the relation between the <j»iantitics of the several eomponiids in the 
solution. Whore the ]>ropoi'tioii of one of tlmse eompoiimls in a»iy 
magma is large, the mineral will ery.staHize sooner than where it is small, 
and, as already pointed out, temperature comes also into jday, some 
niinenils making their appearance most readily at lower temjxiratures 
than those at which they eau .still he formed.^ 

Under certain conditions, more especially in veins of a particular 
kind, two miiicial constituents of an igneous rock have cryatidlized 
simultaucoiisly, and are mutually enclosed, one within the other. Thi-s 
structure is most familiarly disjdayed in graphic granite (pp, 128, 206, and 
Fig. 30), and in the coarse grained veins winch arc known as pegmatites, 
where the graphic structure is not always developed.- More usuyj]|^ the 

(1889). ]ij>. 65-113. The .stuileiit shonlil consult the .series of papers by Ij^pozewicz, citet 
below ; by Vogt, Zeihrh. Prokt. fieol. Nos. 1, 4, aiul 7, 1893 ; by Lagorio, ZeiUcK / 
Krifstullog, xxiv. (1895) p, 285; ami the suggestive Presulential Aihlress by Mr. TeiAl 
Q. /. (/. Ivii. (1901), p. 62. 

^ Professor Morozcwicz's pa)>ers are contained in Xcties JahH), 1893, ii. p. 43 ; ZeitKh 
/. .\xiv. (1895), f. 281 ; Tscherrmk's Mitth. xviii. (1893), pp. 1-9(L 105-24C 

There is a g<x)d sununary of them by Mr. Jaggar in Journ. ifeol. vii. (1899), pp. 300«313. 

^ See on this subject the remarks of Professor Brbgger in his ** Mineralien der Syenitpeg 



HOCKg 7 1 7 

out successively, but tho^onler ai^their appear- 
and^wo art still fa^r from comprehending the 
(^nd1|^llHi$^ Uiat* ^ the normal orde* and those that lead to 

deviatio^e from i€ The supposition obviously suggests itself that 
niinemis'will crystallize out of a magma in the order of their respect i\'e 
fusibilities, those with the highest fusion-p<nnts sejwirating out first. 
But experience shows that such is not strictly the case. Uo.son])usch 
has remarked that their appearance is in the order of decreasing basicity, 
ores coming first, followed by ferro-magnesian minerals, felspathie minerals, 
and lastly by^quartz. But there are some important exc(*ptionh to this 
general rale. In granite the ditticultly fusible quartz is often found 
moulded round the more fusible felspar, and in dolerites the pyroxenes 
may not infrequently be seen ophitieally enclos<‘d within the felspars. 
The opinion has long prevailed that in these cases the presence of water 
or some other “mineralising agent” plays an important jjart. It has 
lieeii proved exj)crinienUlly that in presence of water anhydrous silica 
can 1«3 made fluid at a temperature of .‘JOO' (\, which is far below its 
fusion -point.* Professor .foly has recently called attention to the 
importance of discriminating between the fifsion jioint and the viscosity 
of minerals at high tomperafires. lie has found that silica is a body 
possessing a remarkaldo range of viscosity. Its fusion point is statial to 
lie HOG'" C. ; at 1500' C. it is a very thick liquid, but about HOO ' V. it 
becomes plastic and yields with considerable. rapi«lity to distorting forces. 
The question of time has been found to be important in determining the 
fusibility of sulistaiices. When rapidly fused their fusion |M>ints may vary 
considerably. Thus leucitc melts at lO.'JO and augiti* ai 1 140' when time 
has been allowed for the development of their Mscosity. But wheat 
rapidly heated to 1300 the fluidity of leucite is the samii as that of 
augite at 1200\ and much more complete than that which tliey present 
at 1030^ and 1140®. At a temperature of say 1280"', leucite exists in 
a very viscous condition below its normal f)oint of fusion (which is altout 
1300®); augite, on the other hand, remains ipiite fluid, Ixicausc it is 80® 
above its normal point of fusion, lienee in the cooling of a magma 
from such a temperature, the leucite can begin to crystallise and the 
crystals to develop before the augite has formed any crystals, or at most 
has passed l>eyond the microlitic conditiim.- 

If we regard a molten magma as a solution in which all its chemical 
constituents are completely dissolved, the chief c<mdi(io!i that must 
determine the separation of these constituents is proliably a sinking of 
th e te mperature. As the mass cools the ingredient which Koonest 

Part i. p. 148 et srq. He <l«*>cnl>r.s <'xaiiipleH of tin- Kimultaneous cr} stall izatioit 
of felspar with diopsule, with lepidoRieluni*, with hunilileiKle, and with pyroxene. 

* Profess^ SoIIeh,' (/w/. Mag. 1900, p. 295. Profeasor July has nielled qiiartx by 
^eotu fusion at a temperatnni of 1200"' C. dttring eiglit^'eti houm, and has obtained from it 
cryatalline forms when cooled down to 9 IS'' 

* Joly, (Sci. Proc. Roy. Dublin ,Soc. ix. (19(H>), p. 298 ; Congris Hiol. IitDrnaJL. Paris 
1900, p. 691. Doelter has lately detemiine<l the fusibility of soiiie minerals ranpng from 
920** (mslaiiite) to 1400*’ (bronzite). He fliids the Preds^ granite to soileii at 1 150** and 
to ftue at 1240“. Ttchtmak. MUt., 1902, p. 23. 
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reaches he ]Moint of saturation er^it^]i20 

successive appearance of the minerals will continue until IHe wlok 
magma has crystallized » or until the remaining non-devitrmed glasf 
becomes solid. During this process a complex series of chemical change] 
is in progress The early separation of the more basic constituents 
leaves the composition of the whole mass more acid ; further reacdons 
are set on foot which may ultimately advance even to tjie reabsorption of 
minerals already crystallized. Among these changes the same mineral 
may make its appearance more than once during the crystallization of a 
magma. Felspars, for instance, frequently appear in eruptive rocks* as 
the products of a first and of a second consolidation. Porphyritic crystals 
or phenocrysts, which are dispersed through a fine-grained ground mass 
full of smaller, sometimes mierolitic, forms of the same mineral, arc 
1 ‘egarded os evidence of this succession.^ 

The crystallization of an intrusive igneous moss must no doubt be more 
or less modified by the conditions of depth, temperature, movement, and 
other causes that affect the iKxlics of molten material which are protruded 
into the terrestrial crust. Dr. Wcinschenk has especially dwelt upon 
this influence as a determining factor in the production of the structure 
of the central granite of the Alps. He believes that rock to have been 
part of a normal granitic magma which crystallized under abnormal condi- 
tions, and that it owes its minemlogical com|X)sition and characteristic 
foliated structure, not to any process of subsequeht dynaraometamorphism, 
but to tlie [>eculiar relations of tension accompanying the plication of the 
mounUiins. To these relations he has given the name of “piezocrystalliza- 
tion” — a term by which he ut»derstands an entirely primary formation of 
massive rocks, wherein, besides the high tension allowed for the crystalliza- 
tion of a normal deep-seated mass, we must also reckon the compression 
due to orogra[)hic movements during the consolidation of the rock.^ 

Many rocks in consolidating from the condition of glass have taken 
a spherulitic structure (pp. 131, 152), where crystalline intergrowths of 
two or more minerals have sUu'ted from numerous centres, and have 
developed the characteristic internal radiating fibrous arrangement and 
usually globular external form. The conditions that have determined 
this type of ilcvitritication are not well understood. Mr. Whitman Cross 
has suggested that in acid glasses there has first been a globular aggrega- 
tion of colloid silica, in which the felspar substance is enclosed and 
becomes simultaneously individualised.^ Professor Iddings, from a study 
of the remarkably fresh varieties of acid lavas found in the Yellowstone 
Park, in many of which the spherulites are hollow (lithophyses) and of 
large size, came to the conclusion that the differences in consisteiMPf'and 
in the phases of crystallization, producing the lamination and spherulitic 
structure of these rocks, were directly due to the amoun^f vapours 

* See, however, the observations of L. V. Pirssou, Jmrr. Journ. Sci. viL (1898), p. 271., 
and W. 0. Crosby, .fmer. fJtol. xxv. (1900), p. 299. 

^ E. Weluscheuk, “Beitrage znr Petrographie der Dstlichen Oentralolpeii,*' Abhandl. 
Bdjfer. Akad. xviil. (1894), p. 91. 

* BhU. Phil. Soe. Wt^ahingtfm, xl. (1891), p. 436. 



71» 


AKO rOL MKtC 

in thci various hyew of the lava, anJ to tlvjr ming^isiiig 
influeace-; the lithophyses being thus of aqueo-igneous origin, due to 
the action of the absorbed gases upon the ftiolten glass from which they 
were liberated during the crystallization consequent upon cooling.^ 
Classifleatlon of Eruptive Rocks according to their Tectonic 
Rglations. — In dealing with the occurrence of igneous rooks as part of 
the architecture of the earth’s crust, we require some principle of grouping 
which will enable us to arrange their various structures in such a manner 
as will best convey an idea of the relation which they bear to the rest of 
the crust, and of the light which they can he made to throw upon the 
behaviour of the molten materials of the planet, whether beneath or above 
the surface. Keeping in view a useful distinction already mentioned, wc 
may group together all suhierranean intruded nuisses, now rcvciiled at 
the surface after the removal of some, <lepth of overlying rock, as one 
division under the names Plutonic, Intrusive, or Subsequent. On 
the other hand, we may class all those which cainc up to tlie surface as 
ordinary volcanic rocks, whether molten or fragmental, and were conse- 
quently contemporaneously interstratified w'ith the formations which 
happened to be in progress on the surface at the time, as a secoml group 
under the names Volcanic, Intcrstratificd, or Conlcniporaneous. 

It is obvious that these can he used only as relative terms. Kvery 
truly volcanic mass which, by being poured out as a lava-stream at the 
surface, came to be regularly interstratified with contemporaneous accum- 
ulations, must have been directly connected below with molten matter 
which did not reach the surface. One |)art of the total mass, therefore, 
would be included in the second group, while another |)ortion, if ever 
exposed by geological revolutions, woiihl he classed with the first group. 
Seldom, however, can the same masses which flowed out at the surface l>c 
■traced directly to their original underground prolongations. 


r ff b a 0 


Fig. 290. — Section showing the n-lative ofHii liitruiiite Kock (U.) 


It is evident that an Intrusive mass, though necessarily suhsequent 
in age to the rocks through which it has been thrust, need not be long 
subsequent. Its relative date can only be certainly affirmed with refer- 
ence to the rocks through which it has broken. It must obviously be 
younger than these, even though they lie upon it, if they bear evidence 
of i^toition by its influence. The probable geological date of its eruption 
must T)e decided by evidence to be obUiincd from the grouping of the 
rocks all ^und. Its intrusive character can only certainly determine 
the limit of its antiquity. We know that it must be younger than the 
Jocks it has invaded ; how much younger, must be otherwise determined. 
Thus^ a mass of granite or a scries of granite veins (a a. Fig. 296) is 

* /ottni. Sci. xixiii. (1887), pp. 42, 45. See an<#, pp. 406, 414, where the 

sttiflclal production of the spheralitic structure by Morozewlcz and Daubree is referred to. 
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manifoBtl^poiterior in date to the plicated rocks which it 

has risen. But it must Ihs regarded us older than overlying undisturbed 
and unaltered rocks (c), or tJian othci-s lying at some distance (#»/), which 
contain worn fragments derived from the granite. 

On the other hand, an Interstratificd or Contemporaneous igneous 
rock has its date precisely fixed by the geological horizon on which it ifes. 
Sheets of lava or tuff inter{)osed between strata in whit^h such fossils as , 
CaUfturne lUumnihachii^ hplirna acrimi^ Atnjpii reticulariK^ Orthia ekfjantuh^ 
and Pentamnm Knujlifii occur, would be unhesitatingly assigned by a 
geologist to submarine volcanic eruptions of Upper Silurian age. A lava- 
bed or tuff intercalated among strata containing Ciibpnmutotheca aJ/iniSj 
LejnMeudiVH celthcintinuuni, /j^pnililuty and other associated fossils, would 
unequivocally prove the existence of volcanic action at the surface during 
the liowcr CarlK)niferous period, and at that particular part of the period 
represented by the horizon of the volcanic bed. Similar eruptive material 
iissociated with Pentmrinites^ I'ic., would ceiminly 

belong to some zone in th(5 great Me.sozoic suite of foi’inatiuns. An inter- 
bedded and an intru.sivc inas-s fouiul on the .same platform of strata need 
not necessarily be coeval. On the contrary, the latter, if cltuirly intruded 
along the horizon of the former, would obviously be posterior in date. 

It will be understpotl, then, that the two groups have their respective 
limits determined mainly by their relations to the rocks among M'hich 
they may happen to lie, though there arc also s}i<‘cial internal characters 
that help to discrimiiiato them. 

The value of this classification for geological pur|x)ses is great. It 
enables the geologist to place and consider by themselves the granites, 
quartz-porphyries, and other crysUilIiiie niasses, which, though lying some- 
times perhaps at the roots of ancient volcanoes, and theref«)rc, in that case, 
intimately connected with volcanic action, yet owe their special characters 
to their having consolidated under pressure at some depth within the 
earth’s crust ; and to arranges in another series the lavas and tuffs which, 
having been thrown out to the siirface, bear the closest rescmblaiice to 
the ejected materials from mwlern volwinoes. He is thus presented wdth 
the records of hypogenc' igneous action in the one gioup, and with those 
of superficial volcanic action in the other. He is furnished with a method 
of chronologically arninging the volcanic phenomena of past ages, and is 
thereby enabled to collect materials for a history of volcanic action over 
the globe. 

In adopting this classification for unravelling the geologiad structure 
of a region where igneous rocks abound, the student will encounter 
instances where it may be difficult or impossible to decide in 4iPttch 
group a particular mass of rock mu.st bo placed. He will bear in mind, 
however, that, after all, such schemes of classification are pr4k)sed only 
for convenience in systematic work, and that there are no corresponding 
hard and fast lines in nature. He will recognise that all ciystalline or 
glassy igneous rocks must be intrusive at a greater or less depth from the 
surface ; for every contemporaneous sheet has obviously proceeded from 
some internal pipe vw mass, so that, though interbedded and contem- 



721 


fHAjSlS OF ERTTPTIFJTY^ 

^ 1 - 

poraneous wltSi the strau at the top, it is intrusive iir relj(lioii to the 
stmu below. ^ 

The characters by which an eruptive ri»ok may be distinguished 
are partly lithological and p*irtly gcotectonie. The lithological char- 
actecs have alreivdy betMi fully given (pp. 105-243). Among the more 
imporUint of them aie tlie predominance of silicates (noUihly of feUjiars, 
hornblende, rnioa, aiigite, olivine, vVc.), and of disseniinatiHl cry8t4il8 »>f iron 
oxides (magnetite, titanifcions iron); a prevailing more or less thoroughly 
crystalline structure ; the frequent pn^sence of vitreous and devitritie<l 
matter, visible megascopically or mieroscopically ; and the oeeurrence of 
jKU'phyritic, celbilar, pumiee»>us, .slaggv, ainygdaloidal. and fluxion strue 
lures. These characters arc never all united in the same rock. They 
possess likewise various values as maiks <if eruj)tivitv, some i*f them 
Ijcing shared with crvstallitu* 'jchists which, as schists, were ci'rtainly not- 
erujuive. On the whole, the nn»st liustworlhy lithological r\id<‘iu‘e of 
the eruptive character of a HK-k is tin* presiuice of glass, or tiaces of an 
original glassy Ijase. do not yet cnlainly know of any natural glass, 

except of an eruptive origin. The occuireiice »>r as^oci.ition «»f certain 
minerals, or vaiietics of inineral.s, in a rock, may also atlbrd juesumptive 
evidence of its igm-ous origin. Sanidine, Icucite, oliNine, ncjdieline, for 
example, are, for tlie most part, characUu’istie volcanic minerals ; and 
mixtures of linely erystalli/od trielinie felspars with dark aueite, olivine, 
and magnetic iron, or with hornblende, arc 8|K}cial)y met with among 
eruptive rock.s. 

Ihit it is the geotectoiiic characters on which the geologist must 
chiefly rely in csta!»lishing the cni])tive nature of rocks. The.se \arv 
according to the conditions undei' which the rocks have consolidated. 
Wo shall consider tliein as tliey aie liispl.iyed by tin* Idntonic, or deep 
seated, and Volcanic, or superficial phase <d eruptivity.^ 

Section I. Plutonic, Intrusive, or Subsequent Phase of Eruptlvlty. 

We have here to coii.r-ider the slnictun* of tho.se eruptive masses 
which have been injected or intruded int(> other rocks, and liave, con- 
solidateil hene.'ith the '^iiifa* 0 . < hn* x i n*'. of thrx- nia'^sc.s is ( rystallinc 
in structure, hut with felsitic and viircou'' \arietieH. It incluch-s examples 
of most of the eruptive rock.s, and especially of the more coarsely crystal 
line form.s (granite, .syenite, quartz porphyry, giariojihyn*, rhyolite, dim it, e, 
gahhro, Ac.). The other serii-s in fragmented in character, and includes 
the^aarlomcratcs ami tunv which have filled up volcanic orifices. 

After some pr.icti(a*, the field -geologist acijuircs a f.uulty of dis- 
criminating with niore or le-ss confidence, even in hand speciinen.s, 

crystalline rocks which have cjinsolidat cd heneath the siirfaci*, from 
• *’ 

' Ah already i lOsi, « f lirouolo,:!' al Ini'i-. Ijoh t)eeji j»roj)Ost*«l amorjjf IIk- olin i 

plans for tlie olasxiii atu>n of t nji»ti\e ro' Us. SfJiiie xoitm liave even gone no far as to 
suggest that different iMuie-s should lx* gi\«ui to eruptive rorks according to the geological 
fomiatloff in which they oicur, an KolUephyvf^ Triitphi/rf^ Juraphytf. .So^ 

Th. Ebray. li. X fi. /•’. (3), iii. p. 291. 
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those which Jiuve flowed out as lava -streams. Coarsely ciysfcalline 
granites and syenites, with no trace of any vitreous ground-mass, are 
readily distinguishable as plutonic masses; while, on the other hand, 
cellular or slaggy lavas are easily recognisable as superficial outflows, or 
as closely connected with them. But it will be observed that such 
differences of texture, though furnishing useful helps, are not to be 
regarded as always and in all degrees perfectly reliable. We find, for 
example, that some lavas have appeared at or near the surface with so 
coarsely crystalline a structure as to be mistaken by a casual observer 
for granite ; while, on the other hand, though an open pumiceous or 
slaggy structure is certainly indicative of a lava that has consolidated at 
or near the surface, a finely cellular character is not wholly unknown in 
intrusive sheets and dykes which have consolidated below ground. Again, 
masses of fragmentary volcanic material are justly regarded as proofs of 
the superficial manifestation of volcanism, and in the vast majority of 
cases, they occur in beds which were accumulated on the surface, .as the 
result of successive explosions. Yet cases (described at p. 748) may be 
found in many old volcanic ilistricts, where such fragmentary materials, 
falling back into the volcanic funnels, and filling them up, have been 
compacted there into solid rock. On rare occasions, explosions of lava 
within subterranean caverns may have given rise to such accumulations 
of agglomerate. 

The general law which has governed the intrusion of igneous rock 
within the earth’s crust may be thus sUted ; Every fluid mass impelled 
upwards by pressure from below, or by the expansion of its own 
imprisoned vapour, has sought ogress along the line of least resistance. 
That line has depended in each case ujxm the structure of the terrestrial 
crust and the energy of eruption. It may have been determined by an 
already existent dislocation, by planes of stratification, by the surface of 
junction of two unconformable formations, by contempoianeuusly formed 
cracks, or by other more complex lines of weakness. Sometimes the 
intruded mass has actually fused and obliterated some of the rock which 
it has invaded, incorporating a jwrtion into its own substance. The 
shape of the channel of escape has determined the external form of the 
intrusive mass, as a mould rogidates the form assumed by cast-iron. 
This relation offere a very convenient means of classifying intrusive rocks. 
According to the shape of the mould in which they have solidified, they 
may be arranged as — (1) bosses or amorphous masses, (2) sills or sheets, 
(3) veins and dykes, and (4) necks. 

§ 1. Bosses. 

Bosses (stocks) are amorphous masses that have disrupted the rocks 
through which they rise. They consist chiefly of crystalline, coarse- 
texturod rocks such as granite and syenite, but inejude also quartz- 
porph^' ies, felsites, trachytes, diorites, gabbros, diabases, andesites, 
dolerites, &c. Where rocks assume this form as well as that oi sheets, 
dykes, and contemporaneous Ms, it is commonly observed that they 
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are more ooaraely cryetalline when in large amorphous* mafl&es than in 
any other form. Pyroxenic rocks afford m%ny examples of this character* 
istic. In the basin of the Forth, for instance, while the outflows at the 
surface have been fine-grained basalts, the masses consolidated under- 
ngpth have generally been coarse dolerites or diabases.^ ^ 

It has already been pointed out that in the consolidation of an igneous 
rock, the more* basic minerals have generally crystallized out first, and 
that the last portions of the mass to solidify have not infrequently a 
notably more acid character than those which solidified first, lienee the 
margin of an eruptive mass may show a more bisic composition than the 
central portions whioh cooled more slowly. As we have seen, a remark- 
able range of composition may thus be found within the Siime boss.* 
Again, if during the process of ct>nsolidation an intrusive mass should l»e 
ruptured and portions of the still liquid matter be forced into the rents, 
these veins or s^iuirts will generally Ijc found to be decidedly more acid 
than the rock in which they lie. 

Granite. — It was once a firmly-held tenet that granite is the oldest 
of rocks, the foundation on which all other rocks have b(;en laid down. 
This ideii no doubt originated in the fact th'iit granite is found rising 
from beneath gneiss, schist, and other crystalline masses, which in their 
turn underlie very old stratified formations. The intrusive character of 
granite, shown by its numerous ramifying veins, proved it to be later than 
at least those rocks which it had inviMled. Nevertheless, the composition 
and structure of gneiss and mica-schist were believed to be best explained 
by supposing these rocks to have been derived from the waste of granite, 
and thus, though the existing intrusive granite had to lie recognised as 
jwsterior in date, it was regarded as only a siibscquent jirotrusion of the 
vast underlying granitic crust. In this way, the idea ot the primeval or 
fundamental nature of granite held its ground. From w'hat is known 
regarding the fusion and consolidation of rocks p, 402 d Sfy.), and 
from the evidence supplied by the microscopic structure of granite itself 
(p. 1 44), this rock may be regarded as having generally consolidated under 
l^roat pressure, in presence of superheated w'ater, with or without liquid 
carbon-dioxide, fluorine, Ac., conditions which probably never obtained at 
the earth’s immediate surface, unle.ss, perhaps, in those earliest ages when 
the atmosphere was densely loaded with vafKiurs, and w^hen the atmospheric 
pressure at the surface was great (p. 44). Whether the original crust 
was of a granitic or of a glassy chanicter, no indubitable trace of it has 
^verbeen or is ever likely to be found. There can l>e no doubt, however, 
tha^he oldest known rocks are cither granites, or granitoid gneisses 
which have probably been formed out of granite. 

The ^esence of granite at the existing surface is, doubtless, in all 
cases due to the removal by denudation of masses of rock under which it 
tmginally consolidated, llie fact that, wherever extensive denudation of 
an ancient series of crystalline rocks has taken place, a subjacent granitic 
nucleus is apt to appear, does not prove granite to be of primeval origin. 

^ BAiet nuy not infroquently be laccoliteii laid bare by denadatioo, but without expotim 
of their foandatioiui ; po$teut p. 738. * Hee pp. 7^0-712, and authorities there cited. 
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It shows, ‘however, that the lower portions of crystalline rocks very 
generally assume a granitic /ype, and it suggests that if, at any part of 
the earth, we could bore deep enough into the crust, we should probably 
come to a granitic layer. That this layer, even if general round the 
globe, is not everywhere of the highest geological antiquity, or at Iq^st 
has consolidated at widely different periods, is abundantly clear from the 
fact that in many cases it can be proved to be of later date than fossili- 
ferous formations the geological position of which is known ; that is, the 
granitic layer has invaded tliese formations, rising up through them, and 
possibly melting down iK)rtions of them in its progress. Gianito invades 
and alters rocks of all ages up to late Mesozoic and Tertiary formations. 
Hence, it does not belong exclusively to the earliest nor to any one geo- 
logical period, but has rather been extruded at various epochs, and may 
even be in course of extravasation now, wherever the conditions required 
for its production still exist. As a matter of fact, granite occurs much 
more frecjuently in association with older, and therefore lower, than with 
newer and higher rocks. But a little reflection shows that this ought to 
bo the ciise. Granite, having a deep-seated origin, must rise through the 
lower and more ancient masses before it can reach the overlying more 
recent formations. But many protrusions of granite would, doubtless, 
never ascend beyond the lower rocks. Subseipient deimdation would be 
needed to reveal these pri)trusions, and this very process would renjove 
the later formations, and, at the same time, any portions of the granite 
which might have reached them. 

Granite frequently occtirs in the central [)arts of mountain chains ; 
sometimes it forms there a kind of core to the various gneisses, schists, 
and other cryatallino rocks. It appears in large eruptive bosses, which 
traverse indifferently the rocks on the line of which they rise, and com- 
moidy send out abundant veins into them. Sometimes it even overlies 
schistose and other rocks, as in the Piz de Graves in the upper Engadine, 
where a wall like mass of granite, with .syenite, diorite, and altered rocks, 
may bo .seen n'sting upon .‘ichists.^ Iri the Alps and other mountain 
ranges, it i.s found likewi.se in large bed-like musses which run in the same 
general direction as the rocks with which they are associated.- 

Reference lias already been made (p. 204) to some of the more marked 
varieties of texture and structure in granite bosses. To a few of these 
further and more dotiiled remarks may ho appropriately inserted here. 
The patches or enclo.sure.s in granite, which difler in colour, texture, and 
composition from the general mass of the rock, may bo grouped in two 
divisions: 1st, Angular or subaugular fragments, probably in mqst cases 
derived from the rocks through which the granite has been prcJfeded. 
These are sometimes tolerably abundant towards the outer margin of a 

^ Stiuler, ‘Geologie dcr Schweiz,’ i. p. 290. ^ 

* On the granite of the Alps, see Michel-LOvy, Buil. Carte. OW. France, No. 0, 1890, 
No. 86, 1893 ; Dnparc ot Mrazek, Mim. Soe. Cht/s. //w<. Aa<. Genem, xxxiiL No. 1 (1808) ; 
D. Stur, Verh. k. k. Geol. lieichsanst, v. (1854), p. 818 ; C. Schmidt, BeUr. Geol. Karte. 
Schtwiz. Liefer, xxi. (1891) ; K. Weinschenk, Abhandl. Bayer. Akad. ii class. x>11l (1804), 
p. 67. 
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boss. They usually show considerable contact- me tom6rf>hisni, due no 
doubt to the influence of the eruptive rock in which they are enclosed. 
2nd, Globular or roundetl concretions, due to 
some process of segregation and crystallization, 
ir^ the original still unconsolidaU'd granite. 

Examples of this nature t)ccur in the Cornish and 
Devon granite, as in Fig. 297, which was long 
ago cited by De la l^*che as showing a central 
cavity (a), not quite filled with long crystals of 
schorl surrounded with an envcIojK* of quartz 
and schorl (/>), outside <»f which lies a second 
envelope (r) of the sumo minerals, the schorl 
predominating, the whole being contained in a 
light flesh - coloured and markedly felspathic 
granite {d). Bui more remarkable concretionary 
forms have .since laicn obscrvcil in many granites, -t?. ('rxsijininf tn 

. , , . 1 I- 1 fcmnitv, ]>iirti»uur(il.). 

some of them presenting an internal radial con 

centric arrangement, and rci-alling the orbicular structure of some iliontes 
(Xa[K)leonite) (Fig. H), Such concretionary aggregations are generally 
more basic than the surroumling granite.* 

Of more inqiortancc, as atfecting a much larger pro[>ortioii of agwuiite 
1 k).s.s, aie the diirerenccs of texture and of structure not inf?-eijn(*ntly tnice- 
able from the margin to the eentre. Like most intrusive roeks, granite is 
apt to be nnire close grained at its conUict wdth the siirroimding strata- 
than ill the centre of it.s mass, though it does not show this contrast so 
strikingly as the more bitsic rock.'', such n.s gabbro, diabase, and dolerito, 
probably liecause it was injected at depths where the Biirronriding rocks 
were hot, w'hcreas the basic rocks visible at the surface were, for the most 
part, erupted among cool rocks, where along the contact the igneous masses 
were rapidly chilled. Certain characteristic varieties of texturo ami even 
to some extent <d composition may be recogni.sed in many granite areas. 
In |)articiilar the marginal ]><>rti<»ns not infrequently present a foliated 
arrangement wdiich simulates the structure of gnei.s.s, the folia being 
nulely parallel to the margin of lontact and either vertical or dipping 
at high angles away from the core of granite. It has been already 
stated that in .some granite bosse.s a striking gradation cun be traced 
even into picrites and seqientines. 

A detailed .study has Wn made by l’rofes.sfir Tharlcs Itarrois of the Krumilites (i>. 
granites with tuo micas) of the Morluhan in Hrittaiiy. He has shouu that the large 
bos^q&^<hc.a8iiriiig some hundre<ls of mjuare kilometrea, present certain well-marked 
modulations not only of stiucturc hut of eoTn]>osition, as they are traced from the 
centre to tha periphery, while the smaller lumea show no sueh modifications and are 
to be regard w merely as ajKiphyses from Ihos*; of largo size. The nnslificatioriH along 
the contact do not arise from any exchange of sulistance lujtw'oen the granite and the 
surrounding rock, but solely from the inflitenre of cooling which has affected the orienta- 
tion of the minerals, their grouping and their order of crystallization. Where the 

‘ Seethe papers on orbicular granite cited on p. 206, also Harlcer and Marr, V. S, 
xWil (1891), p. 280. 





72® dkOTBOfOmO {8TRU0TUBAL) SSOLOQY BOOK tr 

' '' ' ' ' ' ' 

granite hts risen ^rallel to the strike of the adjacent strata, it nsually passes frm its 
ordinary granular into a porphyroid structure, with its large constituents arranged 
parallel as in flow-structure ; where, on the other hand, it breaks across the bedding, it 
has assumed a finely granular massive character (aplite) with its crystalline constituents 
showing regular geometric forms. These variations are thus proved, in this particular 
instance, to depend on the influence of the surrounding envelope, which though chemicafty 
inactive, offers considerable diversity as a conductor of heat and of pressure. The 
crystallization of the constituents of the rock took place progressively from the outside 
inwards, that is, from a mass still in motion across a magma that had come to rest and 
which shows now no trace of flow. But besides this marginal band of “porphyroid 
granulite," the external portions of tho southern flanks of the bosses present a remark- 
able schistose structure which, likewise limited to a peripheral zone, resembles that of 
gneiss, both fine-grained and glandular (augen -gneiss). Examined in detail the mica- 
flakes of this gneissic band are found to be torn and drawn out, the felspar crystals 
deformed, broken, and blunted, indicating the powerful mechanical forces which have 
affected the rock. These crushed constituents have subsequently been re-cemented by 
membranes and fibres of white sericitic mica, sometimes of' black mica, and by sheets of 
secondary granular quartz, formed out of the triturated debris of the older ingredients. 
Considering tho gradual passage of these schistose selvages into the ordinary granular 
rock, and the further fact that the schistose structure occurs only on the southern flanks 
of the granitic bosses of the Morbihan, Dr. Barrois attributes this structure to a power- 
ful lateral pressure which has acted in a direction from south to north. ^ 

Relation of Granito to contiguous Rocks. — From an early 
period the attention of geologists has been given to the evident 
mineralogical change which has taken place among stratified rocks as 
they approach ^ mass of granite. This change is developed within a ring 
or areola (big. 300) which encircles the granite, and varies in breadth 
from a few yards to two or three miles. The most intense alteration is 
found next the granite, while along the outer margin of tho areola tho 
normal character of the rocks is resumed. In some cases, however, no 
perceptible trace of alteration can bo detected next a mass of granito. Of 
the European examples of contact-motamorphism, those of Devon and 
Cornwall, Ireland, Scotland, the Harz, Vosges, Pyrenees, and Norway 
have long been known. Instructive illustrations of the same features have 
been found all over the world. Tho nature of the metarnorphism thus 
superinduced upon rocks is more particularly discussed at pp. 778-783. 


L 



Fig. 2W.- Ekiotlon »rrofw p»rt of the granlt« belt of the eouth^et of IreUnd. 
ff, Ohinlte ; b b, patches of I^ower Silurian rocka lying on tlie granite at various distances tilths 
msin Lower Silurian area, c c. ’ 

The south-east of Ireland supplies an admirable illustration of the relalion between 
granit^e and jts surrounding rocks (Fig. 2981. A mass of granite 70 miles in length and 
from i to 17 in width stretches there from north-esst to sonth-west, nearly along thS 
atrike of the Lower Silurian rocks. These strata, however, have not been upraised by it 
in such a way as to expose their lowest beds dipping away from the granito. On the 
contrary, they seem to have been contorted prior to the appearance of that ^;ock ; at 


* S/x, QM, Xerd* x». (1887), pp. 1-40. 
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l6Mt they ofUn dip towerde it, or lie horisonUliy or undulate upon it.*epparentiy with* 
ont any leferenoe to morements which it could have product. At Jukee showed, 
the Silurian strata are underlain by a rast mass of Cambrian rooks, all of which must 
have been invaded by the granite before it could have reached ita present position. He 
infers that the granite must have slowly and irregularly eaten ita way upward through 
th^ Silurian rocks, absorbing much of them into ita own mass as it rose. For a mile or 
more, the stratified beda next the granite have been altered into mioa-achist, and are 
pierc^ by numeroua veins from the invading rock. Within the margin of the granitic 
mass, belts or rounded irregular patches of schist (6 d) are enclosed ; but in the central 
tracts, where the granite is aidest, and where therefore we may aup)K>se the deepest 
parts of the mass have been laid bare, no such included patches of altered rock ooour. 
From the manner in witich the schistose belt is disposed round the granite, it is evident 
that the npper surface of the latter rock, where it extends beneath the schists, mutt be 
very uneven. Doubtless the granite rises in some places much nearer to the present 
surface of the ground than at others, and sends out veins and strings which do not 
appear above ground. If, as Jukes 8up]>oBed, a thousand feet of the schists could be 
restored at some jiarts of the granite belt, no doubt the bolt would there lie entirely 
buried ; or if, on the other hand, the same thickness of rock could be Btrip]>ed off some 
parts of the bend of schist, the solid giaiiite underneath would he laid bare. The extent 
of granite surface cxiioaed must thus be largely determined by the amount of denudation, 
and by the angle at which the up[>er surface of the granite is inclined beneath the 
schists. Where the inclination is liigh, prolonge<i denudation will evidently do com- 
paratively little in widening the belt.* lUit where the sIojh) is gentle, and especially 
where the surface undulates, the removal, for some distance, of a comiwratively slight 
thickness of rock, may uncover a large breadth of underlying granite. Portions of the 
metamorphosed rocks left by denudation upon the surface of the granite boss, are relics 
of the deep cover under which the granite no doubt originally lay, and, l>cing tougher 
than the latter rock, they have resisted waste so as now to cap hills and protect the 
granite below, as at the mountain Lugnaijuilla (L in Fig. 298), which rises 3039 feet 
above the sea. 



Fig. 299.— Section of SllfvenaniwWy, Mourne MoutiUlns. 
a a, LowerSilurUn sirata dipping at high anglea , b b, Dykea of bawit (melaphyre), cutting these strata 
but truncated by tlie granite r, ahioh along the outer margin and in extrudeil velui iNtaaes into a 
quartz-porphyry, d d. 

Obs^ations by Professor Hull and Hr. Traill, have shown that in the Moume 
Mouwtms, a mass of (probably Tertiary) granite has in some x>srt8 risen up through 
highly inclined Silurian rocks, which consequently seem to be standing almost upright 
upon an undUlying boss of granite. The strata arc sharply truncated by the ciystalHns 
Jtiass, and are indurated but not otherwise altereil. The intrusive nature of the granite 
il WfH shown by the way in which numerous dykes of dark melaphyre are cut off when 
th^ reach that rook.* The accompanying diagram (Fig. 299) is taken from one of the 
eeetiont in which this structure is portrayed by these observers. 


^ See Jukes’a * Manual of Geology,’ Srd ed. p. 243. 
* Horisontal Section No. 22, OeoL Borv. Ireland. 
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In th<i Lowci«8ilurian tract of the south of Scotland several krgo intrusive bosses of 
granite occur (Fig. 300). The stri^ do not dip away from them on till sides, but with 
trifling exce|>tion.s maintain their normal N.K. and S.W. strike up to the granite on one 
side, and resume it again on the other. The granite indeed ha.s not merely pushed aside 
the strata so as to make its way past them, but actually occupies the place of so much 
Silurian grcywacke and shale, which have disappcarctl, as if they had been pushed*or 
blown out, or had been melted up into the granite. There is usually a metamorphosed 
belt of about a mile in width, in wdiich, as they approach tin; granite, the stratified roi^ks 
assume a thni<mghly schistose character. Kumciims small, dark, often angular patches 
or fragments of mica-schist may be obierve<l in the marginal parts of the granite. 
Occasionally granite-veins protrude from the main masses ; in the metamorphosed 
zone which surrounds the Orilfcl granite aiea iu Kirkcudbright, hundreds of ilykes and 
veins of varuius fdsitic or elvaiiilic rocks occur (see p. 73t')-* 

Similar features are ]ircst‘utcd I ly the granite bosses of Devon and Cornwall, which 
have risen through Devonian and Carhonifcroiis strata. 'I'hc Dnvtmofu* mass is 
specially instructive. As shown by the early work of l)e la I’ccho, it pa'-st s across the 
houmlary hetwocn the Devonian and CarlumilVrous .'ireas, cvtcmliug chiefly into the 
latter, so that it cuts across strata of ditferent ages. In doing so it has risen irresistibly 
through the crust, without seriously affecting the general strike of the rocks. It cuts 
volcanic haiid.s, as well as grits and shales, into which it siuids veins." 

A striking feature along the marginal parts of some gianitcs is the extent to which 
they have absorbed or incorporated the material of the n»ck through which they have 
risen. Iu some cases all that can be recognised of the sedimentary rocks thus attacked 
is in shreds, patches, and streaks iiiilieddeil in a p.iste of igneous oiigin Such a ]»ai>tc is 
described by Mr. Tcall asillustrated by a cordiiuitc gneiss from Aherdetuishire, where the 
igneous constituents arc represented hv oligoclasc, biotite, orthoclase, ami (piaitz, while 
the sedimentary jiortiou is indicated by coidicrite, «iu.irt/, biotite, sillimanitc, iron-ores, 
and a green spinel, ' Tin* process of absorption is jau-lraps best seen W'heic tlio invaded 
roek is iniirkedly basic, as where gabhro has bcfii attacked l»v gi.inopliyrc in tin* north- 
east of Ireland, the Lake district, and the noith-we.si of Scotland, to w’hich rtderence 
will he made on a later page (p. 77<5). So far as ohscrvalion has yet gone, this incor- 
poration of foreign material is mainly a jieiipheral phamuucnon among inlnisivo rocks. 
How fill* it has ever been carried into the body of a gicat granite mass, so as apjirocinbly 
to affect tlie structure and composition of tlic bt)dy of the rock, has not been ascertained. 

I n je c t i o It (1 f (i r;i n i te -- G ra n i t i sa t i o ii. - The permeation of (liffererit 
rooks by granitic niaterial has been tmich studied in recent years. M. 
Michol-Lt!'vy, who has devoted e.special attention to the subject, believes 
that two types of tliis permeation may be recognised. In the 
one case the material has so absorbed the .surrounding rocks that no lino 
of demarcation can bo drawn between tliem. In tlie, second t.ypc the 
granitic mtvgina has insinuated itself between the finest divisional planes 
of the schists, saturating them and forming alternate folia of schist 
and granite. This remarkable structure, termed by the di.stin§m^hed 
French geologist lit-fHjr-lU injection, was first described by him from ex- 
amples which he had met with in France. He saw that so ifjnute and 

^ Explanation of Sheets 5 ami 9, (ieological Survey of ScotlauiL The coutact-meta» 
morphism of these granite bosses is described jakv/m, p. 779. 

* De la Beche, ‘Report, Devon and Cornwall,' p. 165. J. A, Phillips, Q. J, Q. S. 
xxxiv. p. 493. Compare the action of the Tertiary granites of Skye, Tram. Roy. Sqf. Rdin, 
XXXV. (1888), Fig. 56, p. 170, and the papers of Harker and Sollas, cited jposfAi, p. 776. 

’ Addrem, Q. J. O. S. Iviii. (1902), p. Ixxiv. 
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intimate was the interpenetration of the granitic material that the 
resulting aggregate became neither a true ^‘anite nor an onlinary schist. 
The quartz and felsp*ir have crystallized between tlie planes of stratificii* 
tion, cleavage, or foliation so as to transform, for example, a clastic clay- 
slate into a rock which could only with difliculty be discriminated from 
ancient gneisses.^ A similar structure is displayed in man}’ jmrts of the 
Scottish Highlands. Messr-s. Horne and (Jrecnly have described an in- 
structive example of it from Sutherland. They show that the whole mass of 
rock mu.st have remained for a long time at a high temperature, for even 
where the granite sends sills and veins irito tlic schists it ne\cr shows any 
sharp tine-giained or ‘‘chilled ” edges, hut seems to merge insensibly into 
the environing rock, through a series of thinner and thinner lenticles, or by 
a dovetailing with the biotitic folia of the gneiss. The granites them- 
selves are likewise foliated, part of tin's structure bci»ig npinrently tine to 
the incorponii ion of the (piart/o fel.'|withic elements of the schists into 
those of tlie granite, every gradation being traceable from inclusions 
that retain their natural orientation down to tlie merest trains of mica- 
flak es.- 

In conneciiiui with this subject it may here Im reniark(‘d that the close 
relation.ship l»et\v(*en granite and the crystalline schists has long been 
recognised, ft was formerly believed by many geologists that some granite 
is of rnetamorjthic origin, tliat is to sav, may have been produced by th«‘ 
gra<lual s<iftening and recryslallization (tf <itber rocks at some de})tli 
within the crust of the earth. .Vs gradation.^ can bo traced from gneiss 
throngli les.s ilistinctly crystallim* scliHfs into unaltere<l strata, the granite 
into which such gneiss seems to pass wa.s looked u[)on as ti»e extreme of 
raetamorphisin, tlie various schisUaiid gneisses being less advanced stages 
of the process. Subsequent oli'^orxation lias shown that though granit/O 
must 1)0 regarded as jirojicrly an erin»ti\e ami mil a melamorphic rock, 
yet that such a transformation alike of altered .s<Mliiiients uml of the 
granite itself as are involved in saturation, iritroduci-s ns to a 

kind of double metaniorphism. in view of whi<li the old idea of melH- 
inorphic granite*, dors not now apjaar so utterly contrary t«) nature. 

(Connection of (Cranito with \ nleaiiic b’oeks. 'I'lie manner in 
which some bos.se.s of granite pem-trati* the terrestrial crust strongly re- 
calls the structure of volcanie necks or pipes (p. 7fH). The, granite is 
found as a circular or elliptical iiia'-s whndi seems to- descend vertically 
through the siiiToiuiding rock.s without seriously disturbing them, as if a 
tube-sh^cel opening had been blown out of the crust of the earth, up 
whicbilTOe granite iiad risen. Several of the granite mas.seK of the south 
of Scotland, alM>ve referred to, exhibit ihi.s character very strikingly (Fig. 
300). Thill granite and granitoid rocks have probably been associated 
with volcanic action is indicated by the way in which they occur in con- 
nection with the Tertiary volcanic rocks of Skye, Mull, and other islands 
in the Inner Hebrides, dukes suggested many years ago that granite or 

* A (1881), p. 187 ; xvi. (1888), p. 221, “Sur I’originc «lei Terrain* 

oryatallina priiDitifs.*' 

* Q. J, Q, A lil. (1896), p. 633. 
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granitoid masses may lie at the roots of volcanoes, and may be the source 
whence the more silicated la^ proceed.^ 

Bosses of other rooks than Granite.— On a smaller scale usually than 
granite, other crystalline rocks assume the condition of amorphous ^sses. 
Diorite, syenite, quartz-porphyry, gabbro, and members of the diabase 
and basalt family have often been erupted in irregular masses, partly 
along fissures, partly along the bedding, but often involving and appa- 
rently melting up portions of the rocks through which they have made 
their way. Such bosses have frequently tortuous boundary-lines, since 
they send out veins into, or cut capriciously across, the surrounding 
rocks. 



Kig. 800. - Flan of gnimte bcw», CainiHinore of FIe«*t, Scotland. 

The grenlte area (c) in from 7 to 10 miles in diameter, rlaing thnnigh highly inclined lAjwcr Sflurian 
strata (aR among a l»i» h are aome couspicnous bands of black anthracitic ami grai»tolitlc shales (b h). 
The arrows show the direction of dip ; the iiarallcl lines that of the strike. The niig within the 
dotted line round the granite defines the areola of metamortihism. 

In Wales, as shown by the maps and sections of the Geological Survey, the Lower 
Silurian formations are pierced by huge bosses of different crysUlline rocks, mostly in- 
cluded under the old term ‘'greenstone, ’’’which, after running for some way with the 
strike of the strata, turn round and break across it, or branch and traverse a consider- 
able thickness of stratified rm'k. In Central Scotland, numerous masses of dolerite or 
diabase have been intruded among the Lower CarbOniferou.s formations. One horiion 
on which they are particularly abundant lies about the base of the Carboniferous Limestone 
series. Along that horizon, they rise to the surface for many miles, sometimes ascend- 
ing or descending in geological position, and breaking here and there abruptly across 
the strata.* Gaps occur where they do not appear at the surface, bat u they resume 
their position again not far off, it may be presumed that they are really conne^W»nnder 
these blank intervals. In the Inner Hebrides huge bosses of gabbro occur as well as 
granophyre and other acid rocks in the midst of the Tertiary voloanio sei^s. 

Effects on Contiguous Rocks. — The contact-metarnorphism around 
bosses of diorite and other rocks includes alteration of the texture add 

» ■ Manual of Geology,’ 2nd ed. p. 98 ; A. 0., Trans, OeoL Soc. Bdin, it p. 801 ; Trans. 
JKsir. Soc, JSdin, xxxv,(1888), p. 150 ; Judd. Q. J. O. S. xxx. p. 220 ; Reyer, Oaol, 
RrieksansL 1879, p. 405, and his ' Beltrag sur Physik der Sroptionen.’ 

* A. G., IVaM. Rof. Soe, JUin, xxix. p. 476. 
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even the mineralogical composition of the rocks through wliich the intrusive 
material has been erupted. The amount aftd nature of the change pro- 
duced vary with the character and bulk of the eruptive mass, as well as 
with the susceptibility of the surrounding materials to alteration. Diorite, 
diabase, melaphyre, basalt, felsite, and other eruptive rocks are not 
infrequently accompanied by considerable metamorphisin of the adjacent 
strata, though the change seldom approaches the intensity of that around 
large areas of granite. These phenomena are manifested also by intrusive 
sheets, dykes, veins, and necks. They belong to the- series of changes 
embraced under the head of contact-metamorphism, and are grouped to- 
gether for description in the next Part (pp. 776-785). 

Effects on the Eruptive Mass. — Allusion has been made above to 
the displacement of rocks by eruptive bosses, as if the original material 
that filled the present area of these bosses had been blown out, pushed 
up, or melted down into the advancing column of the igneous magma. 
If any serious amount of material were incorporated by fusion into ati 
eruptive mass we should expect to be able to detect some change in the 
chemical composition or crystalline structure of the rock so affected. 
Reference has already (p. 710) been made to examples of this kind in the 
case of granites, granophyre8,,or other acid rocks which have assimilated 
portions of such a basic rock as gabbro. But though probably on a smaller 
scale, some comparable change may be expected along the contact of much 
more basic rocks than granite. There is reason, for instance, to suspect 
that the thick dolerito sills of Central Scotland, al)ove alluded to, have 
attacked the strata, particularly the limestones, through which they have 
risen. The observations and deductions of Dr. Stechor on the variations 
in the composition of these intnisive sheets (postm^ p. 775) deserve con- 
sideration, for they appear to indicate that considerable petrographical 
differences may be induced on a basic igneous mass by the incorporation 
into its substance of portions of the surrounding rocks. A remarkable 
change is superinduc^ on basic intrusions when they come in contact 
with coal or with carbonaceous shales. They become pale in colour and 
earthy in texture, and assume the aspect of white trap” (p. 775). 

Connection with Volcanic Action. — There can be little doubt 
that in regard to eruptive masses, particularly of the dioritic, gabbro, and 
doleritic or basaltic series, though the portions now visible consolidated 
under a greater or less depth of overlying material, they must in many 
cases have been directly connected with superficial volcanic action. »Some 
of them may have been underground ramifications of the ascending molten 
rockj^l^ch poured forth at the surface in streams of lava, though these 
superficial portions have been removed by denudation. Others may mark 
the poeitioiA>f Intruded masses which were arrested in the unsuccessful 
attempt to open a new volcanic vent. The gabbro and granophyre 
bossM of the Inner Hebrides were undoubtedly a part of the general 
Tertiary volcanic phenomena of that region. 

Connection with Crystalline Schists. — In some regions masses 
of diorfte» gabbro, diabase, &c., associated with crystalline schists have 
undergone such a rearrangement of their component minerals as to pass into 
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amphibolites And hornblende-schists. These changes are well developed 
in the Saxon Granulitgebirg^ and in the North of Scotland. They are 
further referred to at j)p. 735, 787, 797, 889, 893, and Figs. 266, 367. 



§ 2. Sills, Intrusive Sheets. 

Eruptive masses have been intruded be- 
tween other rocks, and now appear as more 
or less regularly defined beds. In many 
<‘ase.s, it will bo found that these intrusions 
have tjiken place l)etween the planes of 
.stratification. 'J’hc asceiuling molten matter, 

. after breaking across the rocks, or rather, after 
i ascending through fissures, either previously 
^ formed or opened at the time of the outburst, 
has at last found its path of least resistance 
to lie along tlie Viedding-plane.s of the strata. 
I .Vcconlingly it has thrust itself between the 
B beds, raising up the overlying mass, and 
/ solidifying as a nearly or exactly parallel cake, 
1 sheet, or sill. 

i It is evident that one ol these intercalated 
:h; sheets must ])re.sent such points of resemblance 
to a su)>aerial stream of lava as to make it 
5 occasionally a somewhat ditticult matter to 
^ determine its true character, more especially 
i when, owing to extensive denudation, or other 
y cause, only a small portion of the rock can 
i now be seen. Intrusive sheets are marked 
j by the following characters, though these must 
.3 not bo supposed to be .all present in every 
i case. { 1 ) They do not rigidly conform to the 
s beilding of the rocks among which they are 
f. intercalated, but sometimes break across it, 
i and run along on another platform. (2) They 
catch up and involve portions of the surround- 
’Z ing strata. (3) Tliey sometimes send veins 
into the rewks alsive and bclotit^them. 
(4) They are connected with dykes or pipes 
which, descending through the ^ks under- 
neath, have been the channels by which the 
sills wore supplied. (5) They are commonly 
most close-grained at their upper and under 
surfaces, and most coai'sely crystalline in 
the central portions. (6) They aw rarely 
cellular or aniygdaloidal. (7) The rocks both 
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above and below them are usually hardened and otherwise* more or leas 
altered.^ • 

I'he term “Sill” is derived from the remarkable example in tJie north of England, 
which has long been known as the Great Whin Sill.'-* This intrusivo sheet is traceable 
for ^distance of 80 miles and has a total area of perhaps not less than 1000 wjuaro 
miles. It varies in thickness from loss thait ‘JO to as much as 160 feet, but averages 
from 80 to 100 feet. It is clearly intrusive, fur it breaks across from one platform of 
strata to another, metamorpliosing the roi-ka with which it is in contact (Fig. 302 and 
p. 773). 


ukstoneEdie(2292f^) 



Cauldron Snout 




Fi^. 30'i.— Section Bhowinn tin* jtusjtion nf tlit* iJn-at Whin Sill hi-twcf n llii- Lnnchtoni* «*scai|>nn'nt on 
tlie w»'st ami the Millstolm <Jnt hllN nl^t ••f TcomI.iIi*. 

1, Silurian strata; *2, Carbtnnferoiis Liim*i»lont* M'ih’» ; 3. tin* (iieat Whin Sill, winch hccoiiicH thinner 
and rises 1o a higher .stnitlgra|ilii« al iM>sitioii us it {.'ik'h wtsiwanl . S. Millstone tint. 


Another w’ell-known and (from its association with tlic Huttonian and Wernerian 
disputes) classical example of this structure is the mural escarpment called Salisbury 
Crags at Edinburgh (Fig. .303).^ This is a sill of crystalline diabase (dolerite), whicli 



Fig. 303. — Uiagriiihinaiic m*‘W of n»1i''I>iii) Ci V'. i.'liiil)ni,.'li - a .sill in (\ii l;<>nih rmih vimlKl/iiif'i 

fil'd sh.ih < 


can be traced for a distance of 1500 yard.s, lying auMuig tlie red and giey siindsUjiies, 
slialcs, and in)]mre limestones which li«* at tlic base of the Carboniferous system of 
Central Scotland. As the geneial dipot tin* im-ks is north-easterly, the sill forms a lofty 
cliff fac^ west and south , from the base of wbuli a long grassy slope of drlo is stretebes 

* Mr. E. HoWe, as abf)\e cileil (p. 320', ha^ i.oidmted some e\i>eniiients illiistiate tin- 
iutrn.sion of ig^oui iiiaterinl suggested l»y the ’•tincture of the laceolitc'' of the iJhu'k llillh. 
2l5t Rfp. U.^ a. S. (1001), pp. 163-3<'.'). 

* See Topley and Lels^ur, ij, J. A’, wxui. (1877), p. 406; J. J. H..leall, op. cit, 
1884 ; Hutchings, 6V«g. A/uv. (1898). pi>. 69, 123. The word “Sill” was prohiihly applie<l 
by the inhabitanUs this flat cake ofdaik Mone at the base of the hills from its lancieil 
resemblance to the sill or threshoM of a house. 

* AnSthor analogous sill which fonns the picturesque nick of Stirling Castle has l)een 
dMcribed by Mr. H. Moncktou, Q. J. G. S. li. (1896;, p. 480. 
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down to thd v 4 Uey in front Its thiokneiM at the highest part is about 80 feet, hot at a 
distance of 060 yards to the north this thickness diminishes to less than a half. At 
first the diabase miglit be tiken lor a conformable sheet, regularly interpoeed between 
the sedimenUry straU. But an examination of the beds on which it rests shows that it 
transgressively passes over a succession of platforms, and eventually comes to rest at the 
eut end on strata somewhat lower in geological position than those at the north <snd. 
Moreover, another parallel intrusive sheet intercalated in a lower portion of the sand- 


Pig. 304.— iJflctlon ftt baHc of >M)uth front of Hallabury Cragtt, showing i»ortion of strata cut out by 
Intrusive tliabssi*. >», nandetoneji, shalee, &c.; b, diabase. Length of section, 82 feet. 


stone series gradually approaches the rock of Salisbury Crags. They are both trans- 
gressive across the strata, and they appear to unit in a large mass called Samson s Ribs. 

On the west front, a large dyke-like mass of the diabase descends vertically through 
the sandstones, and has been regarded as not improbably a pipe or feeder, up which the 
molten rock originally rose (Fig. 303). Along the southern face of the escarpment, 
several instructive exposures show the lichaviour of the diabase to the strata through 
which it has made its way. In Fig. 304, for example, a portion of the underlying 



Fig. 805. Fig. 306. 

Fig. 305 .— Mms «f Mndstone and shale (u) ImUtldwi in the diabase (6) of Salisbury Crags, and 
iivjected with veins and threads of it. 

Pig. 3(W.-JuncUou of intrusive diabase with sandstone, Salisbury Crags. Magnified 20%puetera.— 
The graiiuhir iwrtloii at the bottom of the drawing is sair’stone, a part of which is involved in 
the diaiwse that wcupioa the ifwt of the slide. The darker portion next the sandstone Is a vltnoui 
substance which lias been sorpentiniseil. It contains crysUls of plagioclase Aftl vapour vwloles 
drawn out lii Hie direction of flow. Above the darker part the glassy condition raiddly paeaee 
into ottlluary but minutely crysUlline dlaboae. The rock has been considerably altered, oalcito 
occupying many of the vesicles and fissures. 


•trata having been carried away, the diabase has wedged itself below one of the 
remaining broken ends. Again, veins and threads of the erupUve rockdmve 
iiyected into fragments of the strata caught up in its mass (Fig. 806). The strata in 
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ooatoet with th« diabtie hare been much hardened, the ahales being ^nferted into a 
kind of poroellanite, and the sandstones into quarta^^ The diabase in the centre of 
the bed U a coarse-grained rock, in which the component minerals can readily be debscted 
with a lens, or even with the unassisted eye. But as it approaches the sedimentary 
beds, above and below, it becomes finely crystalline. I have had sections cut for the 
mifrosoope, showing the actual junction of the two rocks (Fig. 806). In these it is interest- 
ing to observe that the diabase, for about the eightli of an inch inwards from its edge, 
consists mainly of an altered glass in which lie well-formed crystals of triclinic fe)s{>ar 
and numerous opaque tufted microlites (probably augite and iron ores). An inch back from 
the edge, the gloss and the microlites have alike disappeared, and the rock is merely a 
crystalline diabase, though finer in grain than in the central {H>rtion8 of the bod. 
Numerous steam- or gas-vesicles occur in the vitreous lart, some of them empty, but 
mostly filled with calcite or a brown ferruginous earth. TJicre can be little doubt that 
the vitreous structure of this marginal film was originally that of tlio whole rock. The 
thinness of the glassy crust is in harmony with all that is known as to the feeble 
thermal conductivity of lava. When the rock w‘as intruded, it was no doubt a molten 
glass containing much ab8orb<H) va{)our, the escafte of which at its high tcmii^erature was 
probably the main agent in indurating the adjacent strata. This greater closeness of 
texture nt the contact, duo to rapid solidification against a cold surface, forms one of 
the distinguishing marks of an intrusive as coiitraNted with a con tern )K)mneous sheet 
(p. 753). Microscopic examination of these marginal |>arts in many of the intrusive 
sheets of Central .Scotland, shows tliat even wliere no distinct glass remains, the rock is 
crowded with black o]>3(pie microlites arrangetl in a delicate geometric network. Back 
from the surface of contact, the microlites di.sapi>ear, and the magnetite or titaniferous 
iron assumes its ordinary crystalline and »»flen ind<‘tcrminate or imperfect contours. 



.'J07 - Sf'cUon icroHM SchK'ltallioii, IVrtliHliin-, Scotland, 

1, Mica-HchiHU ; H, <jr»|ilutic ; 4, Qiiartz-Hchists ; /, Fault. 

The thick black linca omrk intcrcaUtwl cjildiorllc hills. 


lu regions of crystalline schists, sills sometimes play a consjiicuous ]«.rt. 'Dins, in 
th§ Scottish Highlamls, sheets of intnihive material injecp-1 among the original sediments 
have been plicated and metamorphosed together with theae strata, and now a]»]>ear as 
epidiorite and amphibolite-schist (Figs. 307 and 370). They occur on various horizons, 
and break across into higher or lower parts of the series. 

Another lithological characteristic of the intrusive, as compared with 
the interstratified sheets, is the considerable variety of composition and 
structure which may be detected in difTeroiit portions of the same mass. 
A roc^which at one place gives under the microscojie a crystalline- 
granule texture, with the mineral elements of diii]>ase, will at a short 
distance sh^ a coarsely crystalline texture with abundant orthoclase 
and free quartz — minerals which do not belong to normal diabase — or 
may be traversed by veins of fine-grained siliceous material. These 

^ Mr. Sorby has observed in specimens from this locality sliceii by him for microscopic 
ezamioation that the fluid cavities in the qaarU-grains have been emptied. Q. J. 0. S. 
xxxvL, Aadress, p. 82. But see Dr. Stecher's papers quoted p. 775. He describes the 
contact phenomena of the Carboniferous sills in the basin of the Forth. 
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differences* like those above referred to as noticeable among amorphous 
bosses, seem to point to succissive stages in the consolidation of a molten 
magma, of which the more basic constituents separated first. But some- 
times they suggest that great intrusive sheets have here and there 
involved and melted down jwrtions of rocks, and have thus acqu^ed 
locally an abnormal composition.* 

Mr. (b K. Gilbert has described, under the name of “ Laccolite,” a 
variety of the sill-structure, which ho obaerved originally in the Henry 
MountaiiiH, Southern Utah, and which has since been recognised in many 
other districts. Large lx)a 80 s of igneous material have risen from 
beneath, but instead of finding their way to the surface, have spread out 
laterally and pushed up the overlying strata into a tlome-shaped elevation 
(Fig. Here and there, smaller sheets proceeding from the main 

masses have been forced between the beds, or veins have been injected 
into fissiires, and the overlying and contiguous strata have been consider- 
ably metamorphosed.- SubseejuerU denudation may e.vpo.sc a luccolite as 
a boss (p. 
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Fffocts on Contiguous Koeks. -.Admirable examples of the 
alteration .pro<luced by eiupii\e ma.sM*s are not uncommonly presented 
at the contact of intrusive sheeU with the surrounding rocks. Induration, 
decoloration, fusion, the production of a prismatic stnn ture, conversion 
of co;d into anthracite, of limestone into nnirble, and oilier alterations, 
may be observed. I'he nature of tiiese changes is deseribed at p. 76G et ieq. 

Connection with Volcanic Action, — Many volcanic rocks occur 
in the foim of sills, a.s tjuartz qiorphyry, ihyolite, ortlmphyrc, trachyte, 
diorito, melaphyre, diaKase, dolerite, basalt, .serpeiitiiio and others. The 
remarks above made regarding the connection of intrusive boSfe.s with 
' A. G., Tnow. Roy. Soc. Min. .\\i\. p, 4U2. Glough, <W. Mu</. 1880, p. 433. Seo 
also J. J. H. Teall, (,*. J. O', S. \1. p. 247 ; p. 104, aud Stfiht-r’s pajlJjs .'iln-ady cited. 

* ‘ Geolojrfy of the Henry Monntuins,’ U.8. Gi'og. .iiui Gcol. .Suivcy, Washington, 1877; 
Joiirn. iv, p. 810; Whitin.au Cross 14//» .!««. Rej>. (\S. (iinl. .sv/rr. 1892-03. A 
similar stnictnre wa.s figured and UescrilH'd by C. Mtitlaren. ‘Geol. of Fife and LothiaiiH,’ 
1839, pp. 100, 101. Tho gabUros of Skye have been injected in ihis way into the aheets of 
the great basalt-plateau. A. G., Tmns. Roy. Hoc. Min. .\.\.\v. (1888), p. 122o See also 
J. D. Dana, *4»irr. Jovru, ikt. xliii. (1891), p. 79. 
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volcanic action may be repeated with even greater definiteness here. 
Intrusive sheets abound in old volcanic dhstrieta, intimately associated 
with dykes and surface-outflows, thus bringing before our eyes traces of 
the underground mechanism of volcancK»8. They frequently occur among 
tl^ rocks that lie beneath a moss of ejected lavas and tuffs, or traverse 
the lower, sometimes even the upjar parts of the volcanic mass. In 
some cases, therefore, they may mark later stages of eruption when the 
orifices of discharge had bt*come choked up and the subterranean eneigy 
only sufficed to inject the magma between the bedding of the rocks 
l>elow ground but not to impel it to the surface, while in other instances 
they may lajlong to the time before the magma bad })cen able to effect 
an egress to the surface, and when it was eonsequeiitly forced between 
the strata at some depth below. It is observalde that later intruded 
masses are often more acid than the laviis previously erupted.* 

Among the Pali^ozoic and Tertiary voleariic regions of Britain numerous illustrations 
of associated sills are lo he found. Some of the most striking are those that emerge 
from beneath llie guuit < ruj»tetl ni^sscjs of Arenigand Bala age in North Wales. Admir- 
able evainples *>C('ur among the Cajhonifrrous vohanic r<K*lv» of the haain of the Forth. ^ 
The 'IVrtiary sills injeeted among Caihontferons and CVetaccoua rocks of Antrim and 
the JiiMNsic rooks of the Inner Ih hrhh s arc likewise conspicuous for size and abundance.* 
The e.vtent to which la\a may he injecte<l in thin layers between the planes of the 
strata is strikingly displajed near the base of the gieat basalt plateau of Skye. In 



Fig. 809, for dCmple, a section is represented of a band of carbonaceous shale, eight or 
nine feet thick, intercalated between a alaggy vesicular dolerite (a) and a finely vesicular 

* A. O., Tran*. Roy. Soc. Min. xxxv. (1888), p. 143. Q. J. Q. A xlvlii. (1892), Address, 
p. 177. ‘Ancient Volcanoes of Great Britain/ ii. p. ill. 

* Trai^. Roy. Soc. Edxn. xxix. p. 474. 

* Op. cU, xxxv. (2888), p. 111. ‘'Ancient Volcanoes of Great Britain,* chaps. xlU. 
xliv. and xlviiL 
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bisalt (/). In the portion of thia band marked d, two or three feet in thickness, uion 
than a dosen thin sills of basalt have been thrust between the strata of shale. Soin* 
of these have broken up into detached nodule-like {)Ortious, so as to resemble tru* 
sedimentary concretions. The thicker sheets {&) are here and there connected witl 
veins (c), which cross the thinner sills ur le) traverse <he overlying basalt (/). Probably 
the latest rock of the group is the dyke (y). Such a section brings vividly bcfbr^th< 
mind the energy and |>ersistencc with which molten material has been injected alon^ 
those platforms whereon, as in thia shale band, it could most easily force its way.* 

3. Veins and Dykes. 

The term “vein” is rather vaguely employed liy geologists. It is 
used as the designation of any mass of mineral matter which has solidified 
between the separated walls nf a fissure. When this mineral matter has 
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Fig. S|0.— JntruNive Veins aiul Dykes of Amiesite in Tuff of a Voirnnn' “ Neck, Renfrcwsliirc. 

been deposited from aqueous solution or from sublimation, it forms what 
is known as a miueial-vnn (p. 812). When it has been injected in a 
molten or pasty state into some other rock, it is an eruptive vein, or, if 
in a vertical wjill-liko mass, a dyke. When it forms part of the igneous 
rock in which it occurs, but belongs to a later period of coilUlidation 
than the portion into which it has been injected, it has been called a 
contemporaneous vein. When it has crystallized or segregate i out of the 
oomponept materials of some still unconsolidated, colloid, or pasty rock, 
it is called a segiegation vein. 

Eruptive or Intrusive Veins and Dykes are portions of once-melted, 
or at least pasty matter, which have been injected into rents of previously 
solidified rocks. When traceable sufficiently far, they may W seen to 
* ‘Ancient Volcanoes of Great Britain,’ ii. p. 911. 
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«well out and merge into their parent mass, while in the opposite direction 
they may become attenuated into mere thrSads. Sometimes they run for 
many yards or miles in tolerably straight lines. When this takes place 
along vertical or highly-inclined stratitication, they look like interstrati* 
fitd beds, though really intrusive. They may frequently be found to 
break across the bedding in a very irregular manlier. 

No rock exhibits more instructively than granite the numerous varieties of form 
assumed by Veins.^ Three distinct kinds of granite vcini may be observetl. Ist, Pro- 
trusions of the onlinary granite 
extending from tlie main masses 
into the surrounding rocks and 
demonstrating the intrusive char- 
acter of the granite (Figs. 811 , 

812 ). These varying in bremlih 
from several feet or many yauls 
down to fine filaments or threads, 
are often remarkably abuiulant 
und markedly irregular in the 
manner in which they branch 
and intersect. Where they are 
several yards broad their texture. j.’ig. jji —(jrmnJie Veins, 

at least in the central |»arts, may ' 

not sensibly differ fiom that of tin* main granite nioss, though it is apt to becoma 
finer especially as the veins diminish in breadth. It has Iteen already pointed out 
that round some bosses of granite tin* adjacent iwks are injected or impregnated 




Fij{. 812.— €MUon of granite (a), aendiiig a network of veloa into slate (6) ; Cornwall (A). 

with abundan^Sinute threads or veins of granite-substance, like layera or leaves parallel 
with the stiatificatioD or foliation, and that the absence of '‘chilled '* edges may be dae 
to the high temperature of the rocks into which the granite was injected (p. 728). 

In the Tertiary volcanic districts of the west of Scotland large bodies of granite and 
granophyre have been intruded into other voloanio rocks. Not only has the acid 


Z. D. O, a. (1875)k p. 104 ; (1882), p. 600. 


E. Kalkowsky, op. cit, (1882) 


1 I. 680 . 
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niatorlal filled up broad fiasiires, «o as to form conspicuous dykes, but it has been injected 
into a netwtirk of minute eracka, A if llie invaded rock had been shattered by energetic 
exj»]oHioiia before the entiy of the granitic magma (F'|. 313) 

Ilesidea a usual greater eloseijes.s ol b-xtuiv than ttmt of their parent mass, intrusive 
VLiiia sometimes present cunshlerablo dilferences 
in nniieraiogie.lI coni].o.sition. The mica, fo^ex- 
aniple, nni}'' be redueed to exceedingly minute 
and n«.t verv aljuiid.int ilakes, and may almost 
disappear. Ihe ipiart/ uLso ocea.sionally assumes 
a subordinate j.laee, and the rock of the veins 
p.isses into one of the varieties of felsite, quart/.- 
pmphyry, elvaniie, upHtc o,- eurite.’'^ 

It IS ill the luetainoiphosed belt encireling an 
intrusive lioss of granite, that eruptive veiirs are 
typieally devehiped and most readily studied. 

Ill Ouiiuall, for e.vam|.l<‘, the slates around the 
gi.inite boNv-saie abitndanlly traversed by veiiw 
oi dykes of giamte and of fiiiartz- porphyry 
whi.'h are most numerous near the 
giaiiite (Kig. They vary in width from a 



bi:i.-.S>ctioij ot two ilieiaM)! 
tile loWIM of winch li.is |ienetr.ltei| 

from below h> ri Miullilu.h* .,1 im-jr.il.n- 
XMMS tirgiHiioiihjie, N( KiMa. 



of Iiiiiicrai-veiiis. 

.nclos. .npiUr fragnu-nte of .hu, (p, 724). In the great granite region of Leinster 
* ‘Ancient Volcanoes of (Jreat Britain,’ ii. p. 413 . ^ ' 

( 1881 ^* 244 !"““ ^ ^ 
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Jnkes traced some of the elvans for M^veral miles nmniit^ in j»ani]lel Itanda, each only 
a few feet tlrick, with intervals of 200 ti> .‘iOO yai\il Ix-tween them. Around tiuiuo of 
the granite l>ovies of the south of Scothan'i Niinilar veins of feJsiti' and fKirphyry alHUinil. 
The granite of the W{ih>ateh Mountains in Utah, whn-h rises through tin* I'j'ivr 
(^arbouiferoua limestones, o*>n verting them into wliite mai hie. mmuIs out veins of granite- 
]K)f{>hyry and oIImm- rrystallim* eomiMuinds. In short, ail owr the world it is emnmun 
lor emptive Ikis.sos of this r»K‘k to h.•l^e a fiinge ot intiutivo veins 

2. Veins which cut thnuigh the gianite il.vdf. though they must he n'garded os 
ltiU*r thiiu the rock which they actually traverse, nuy v’t ivj.ii'seiit lower, still liquid 
portions of the granitic magma which ha\e been forced hy eaith niovements into rents 
in the partially (U' wlmlly Koliditied gianite Tliev aie g< iioiiilly liiiei in gram than the 
granite around them, and dilfer m«*re or less from jl also m composition, especially 
in their greater nudity tUig. •U-h'. 

3. Pognnitites or jugmatitu* viiiis Fig lU.h. aie distiuL'iiisheil hy the mnniier in 

whifli tlicir coinpimuit miiieials, iiotaMv the (piart.' and lels|>ai, are intcrgrowii (see 
pp. 200) Much discussion has aiiscii as to tin- <iiigm of such veins. They 

evidiMitiy cut the oidiuaiy granite and in so fir may he icgarded as intrusive veins. Hut 
they couhl not have he* ii iiijeeted in tle ir |ir<scnt « i \ stalluie eonditiou. Their riialeriul 
may have heeu squec/cd iij) fioiii some huvci, still lii|iiid part of the giaiiitie magma, 
hut their remnrkahh- cijstalliiic siim-tme must luvt he«'n altei wanls superinduced hy 
Rurne process of .seguv'atmu «ii i. uMiiguiiuit and ciystdlli/,.ttion of their iiiatenals. * 

JIaiivother eiiiplive i<»i ksidioiiic duhase, iiielapliN le, hasalt, «^«',) pnsent admirahle 
examples of intrusive ^tven pegmatitu > veins Thev are geiieiallv diRtinguished from 
tiiose of granite hy the unit h ft*, hl.-r met.tinoi phism with wlueh they an* attended. 

Till’ “ C’ntitetiijioniriooiis N'ciiis *' nf nliler writers included those veins 
ill ervstalliiie meks whieii though ililleiiiig suHii leritl\ fnun the surround- 
ing material to le* easily (listniguisliMl. lesniihled it so closely ns 
indicate that thev \u*je prohahly a ji.iit «*f it. 'I’he veins above deserilied 

undea’ No. 2 are examples. Ihu tin t ate not eonfiiied to granite, 
since thev ina> not iiifieijiiently be ol»sei ved in s}ieel.s of gabbro, diorite, 
ilolerite, diabase, and (dlier eiuptive rocks (Tig. It 10). They are more 
|Kirticularly to be .seen in .sills and bo>.ses. They run as straight, curved, 
or branching riiiunds, nuially not <*\eeedirig a foot in thickness. 'I'hey 
arc finer in texture tlian the rock which they traver.se. < 'lose exarnination 
of them shows that, instead of being shaiply defined by a definite junction 
line, with the enclosing rock, they are weldetl into that rock in .such a 
way that they eaiinot easily be biokeii along tin* jil.nie of union, 'i'hi.- 
welding is found to be due to the iiintiial jirolruhion of the component 
crystals of the vein and of the .sniTunmlmg loek a structure sometimes 
admirably revealed niid- r the microscope. Veins of tlii.s kind e\ idently 
point to some pnaess whereliy, into rents formed in the ileeply buried 
and ab,!cast jwrtially consolidated or jMus.sibly pasty or jelly-like ina.ss, 
there was an injection <»f similar inateiial from .‘<ome still nnsolidified part 
of the mass4^th a transfusion or exo.smosiK of some of the crystalli/iiig 
minerals along the mutual houndarif*s. Such veins are to he distin- 
guished from the true “Segregation veins,” which aie irregular ban<(.% 

’ Tho student will find a historical ^uiiiuiaiy of opinion as to tin- origin of jwgniatitf veins 
in Profes^r Brogger'a great work on the mnicials of the Kieiiite-pegmalite veins of Southern 
Norway, Fart i. p. 2ir» <*/ ^f'/> He distinguishes four surcessive phase* in the de\elopii,cnt 
of these veins, pp. 
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usually of more coarsely crystalline material, not infrequently to be seen 
in intrusive sheets, wherein tMb constituent minerals have crystallized out 
in a much more conspicuous form than in the main mass of the sur- 
rounding rock along certain lines or around particular centres. These 
are probably due to some kind of segregation from the surrounding 
mass, though the conditions under which it took place have not yet 
been satisfactorily explained.^ Segregation-veins occur among the crys- 



in large plates of muscovite, black tourmaline, and quartz, with occasional 
crysti^ of. beryl and other minerals, merge into the surrounding granite, 
which for a few inches along the contact has a foliated sf^cture fhecisely 
For some illnstnitioos see Tran^ Roy. So€^ Bdin. xzxv. (1888), pp. 118, 116, 118, 181. 
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reaembling that of a fine gneiss. This foliation may indicate ‘motion of 
the gninite mass along a line of fissure, stthile the rock 'itself or the 
material forced up into the fissure was still capable of molecular re- 
arrangement. 

.Dykes are veins of ^jruptive rock, filling vertical or highly-inclined 
fissures, and are so named on account of their loseniblanco to walls 
(Scotmy dykes). ^ Their sides arc oft«‘ii as {viralbd and perpendicular as 
those of built walls, the resemblance to human workmanship being 
heightened by the munerous joints which, intersecting each other along 
the face of a dyke, remind us of well fitted masonry. Where tlic surround- 
ing rock has decayed, the dykes may be seen projecting above ground 



Flj<- 317. — Dykeii lu volcaiih tufl <>l i “ m*( k , HlKin*. Kli* , 


exactl}^ like walls (Fig. .'U7); indeed, in many jiarts «)f the west of 
Scotland they are made use of for erirlo.sures. The material of the dykes 
has in other cases decayed, and <leep ditch like liollows are left U) mark 
their sites. Tlie coast-lines of many of the Inner Hebrides and of the 
Clyde Islands furnish numerous admirable examples of Ixith kinds of 
scenery. Dykes are characteristically ‘lisplayed round volcanic centres. 

The term dyke may be applied to some of the wall-likc intrusions 
of quarf'c-porphyry, elvanite, and even of granite, but it is more typically 
illustrated among the basic and intermediate igneous rocks such as basal^ 
diabase, andpitld, diorite, Aic., while occasionally dykes may l>c ol (served 

* On the Mechsnlsm of Dyken see Mallet, »xxii. (1876), p. 472. The 

struetnreof dykes is fully dUcusBe<l in ‘Ancient Volcanoes of Grt'st Britain,* jmrticnlarly 
in reference to thoee of Tertiary time. For an account of another dyke region see J. K. 
Kemp and V. F. Masters on those of Lake Champlain, Bu/i. U. S. 0. S. No. 107 (1893) ; 
the dykit^of the Christiania district are described in Briber's work on the SyenitpegmatU 
fiinga, already cited. 
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of even tulf and volcanic agglomerate.^ Veins have been injected into 
irregular bmnching cracks ;» dykes have l)een formed by the welling 
upwards of liquid or plastic rock in vertical or steeply inclined fissures, 
though obviously there is no essential difference between the two forms 
of structure. Sometimes the line of esca]»e h^ been along a fault. *In 
Scotland, however, which may be regarded as a typical region for this 
kind of geological structure, the vast majority of dykes rise along joints 
or fissures which have no throw, afid are therefore not faults. On the 
contrary, the dykes may be traced undeflected across some of the largest 
faults in the midland counties. 

l)yke.s differ from veins in the greater parallelism of their sides, their 
verticality, and their greater regularity of breadth and persistence of 
direction. They sometimes occur as mere plates of rock not more than 
an inch or two in tliickness, at other times they attain a breadth of twelve 
fathoms or more. The smaller or thinner dykes can seldom be traced 
more than a few yards ; but the larger examples may be followed some- 
times for many milc.s. 

Thus, in the .south and wrst of Scotland, a reraarkalde series of basalt and ande.site 
dykes can bo traced across .all the geological formations of tlmt region, inclinling the 
older Tertiary liasalt-|>lat«‘anx. They run |iar.allel to each other in a general north-west 
and sontii-cast direction for «iislancc8 of twenty and thirty miles, increasing in numbers 
towards the north-west, and they have boon as.signod to the gioat vulcanic activity of 
Tertiary time. A dyko of the miihc sciic.s crosses the north of Kngland, from near the 
coMt of Yorkshire for about 1<»0 mtlcs iuland. A coin[dex system of ma.ssivc pro- 
Cambrian dyke.s traverses the Arcli.c.in gneiss of N.W. Scotland. 


Though the wall-like form is predominant among (lyk(‘s, it may readily 
pa88 into vein-like ramifications and intrusive sheets (Figs. .’10.3, .309, 
.31(1). The molten material took the chan- 
nels that happened to ho most available. 
If the fi.ssure bent ofi' at an angle from its 
previou.s trend, or if another adjacent fis- 
sure happened to he more convenient, the 
ertiptive rock might change its course. 
Again, while the ascending lava, under the 
hydrostatic pre.ssure of the mass below, 
rose in one main fissure, portions of it 
iniglit find their w;iy into neighbouring 
pandlel rents, anti enclose wall-like ])ortions 
-rbn nf .lyk.s M ontiiiij? of pock witluii the dyke, as in Fig. .318, 
where the total breadth of the maUi dyke, 
including the satulstono between the two 
arms, is about thirty feet, the satidstoiic being gently inHlk^d, and the 
portions enclosed between the arms of the dyke having been greatly 
indurated. 

It must be kept in mind, however, that irregular expansions and con- 
triMJtions of dykes may sometimes be caused by subsequent movements 
ot the terrestrial crust. The dykes, for instance, may be plicated together 



Fig. 8W.- 


^ The occurrence of “ .-tandstone dykes” has already been noticed, ante, p. 665. 
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with the rocks among wliicli they have been intruded, aiui the folds may 
afterwards be pressed in such a way as to giv#rise to alternate or irregularly 
distiibuted enlargements and constrictions, or a similar efieet mav be 
produced by shearing or by faulting.’ Mr. Clough has bmnd that in a 
gr^*at system of dykes traversing the erysUilline schists of Argyllshire 
frequent attentuitions of the dykes are produeetl by faults. 

In internal structure, considerable diUcrenecs may be detected anmng 
dykes. , The rock may appear (n) with no detinite structure of atiy kind 
beyond irregular jointing ; {h) columnar, the prisms striking off at right 
angles from the walls, and cither going completely anoss from side to 
side, or leaving a central non-colnmnar part in which they branch and 
lose themselves; when the side of a dyke ha\ing this structure is laid 
Ixare, it presents a network of 
|K)lygonal joints formed by 
the ends of the prisms which, 
if the dyke is vertical, lie of 
course in a horizontal position, 
whence they depart in pioiior- 
tion as the dyke is inclined : 
occasionally the jirisms are as 
well-formed as in nnycolumnai 
bed of basalt ; (r) jointed 
parallel with the walls, tlie 
joints being sometimes so close 
as to cause the rock to apjicar 
as if it consisted of a scries 
of vertical plates or strata : 
this platy character is due 
<loubtless to contraction in 
cooling between parallel walls, and wlnui it o^rurs in basalt dykes is best 
<leveloped near the margins ; (d) vesicular or amygdaloidal, lines of minute 
vesicles having been formed parallel with the walls, anti attaining their 
greatest number and size along the centre of the dyke (Fig. .Siq). 

As a rule, the outer parts of a tlyke of erystallim* rock, like, the 
upper and under surfaces of an intrusixe sheet, arc, finer grainetl than 
the centre, sometimes, xvhere the chilling of the iindten rock has been 
rapid, pas-sing into a veneer of glass. Ikisall xeins have not infrequently 
such an external vitreous coating (Uichylyte, hyalomelan, Ac.) It 
occasionally happens also that the central portions of a basalt or andesite 
dyke aie glassy, of which structure several casc.s have biuui observed in 
Scotland ; perj^ips in these instance.s the dyke h;is opened along its eenlre, 
and a fresh of moreglas.sy maUu'ial has risen in the fissure.^ 

In some broad dykes there has been room b>r a certain amount of 
differentiation during the cooling of the ma.ss. Professor A. C. Jjfiwson 
has described some examj)les from the Kainy Lake region of (’anada, 

’ Compare the structure illustrated by Fig. 346. See also Harkei, O'ciV. Maff. 3839, p. 
69, and tM account of the pre-Cambrian rork* in Book VI. Part I. 

* See Proc. Roy. Phyf. Sjc. Eiin. v. (1890), p. 241. 
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which show a considerably greater percentage of silica in the centre than 
at the sides. In one case, ilhile the margin bad the characters of an 
andesite with 47'8 per cent of silica, it shaded off inwards into an ophitic 
dialiase, and then into a uralitic quartz-gabbro, in which the proportion of 
silica was found to be 5 7 ‘5 per cent.* , 

Multiple and Compound Dykes.* — Numerous examples have 
been observed where a dyke has been formed by more than one intrusion 
of molten material. The original fissure, after having been filled wdth 
the intrusive material, has again been rent open and has once more been 
occupied by a similar injection. This re opening of a fissure has some- 
times occurred repeatedly. A remarkable instance may be seen on the 
island of Seil, Argyllshire, where no fewer than ten distinct intrusions 
can bo countetl between the walls of a single fissure (Kig. .‘V20). Some 



Fig. 820.— «lolprlt«*U}ko trii\«*rsmg iiikI Fij;. 3J1.— CuniiHtuud tljko, Maiktt Stand, 

ancIoaiiiK black Sell Iniaiid, Argyllhliirc. Broadrord, Skye. 

u, stnuigly spherulitic Oranopliyre ; 6 ft, IlaKalt 

dyk^H ; c Torridon Sandstone. 

of these separate bjiiids of similar material are distinguished from each 
other by a narrow selvage of black glass, which is occasionally two 
inches broad but dies away into a mgre film, while one of them displays 
cavities 3 or 4 inches in diameter, lined with pea-like spherules of glass.* 
In some cases the subsequent infilling has been supplied by a totally 
different material from that of the first. Hence arise Compound or 
Composite dykes (Fig. 321 ).* The earliest injection may have consisted 

^ Am€}\ Wrtrf. vU. (1891), p. 163 ; PrtK, Canad. Inst. 18b7, p. 173 ; Ann. Btp. Qeol. 
Swrv. CtmadOy 1887*88, Part F. More usually the vitreous part is more siliceous than the 
resjt of a basic rock {ant^ p. 236). 

* * Ancient Volcanoes of Great Britain,' iL p. 169. 

* Summary of Progress of Geological Survey for 1898, p. 165, An excellent example of 
a multiple dyke ia described by Profrasor A. C. Lawson from the north-eaat of Lake 
Superior, where in a breadth of 14 feet no fewer than twenty -eight separate bands of diabase 
ftom one to 6| inches broad traverse a mass of granite. Amer. OtoL xlii. (1894). p. 298. 

* Fkofessor Judd haa described the remarkable examples flrnt bron^t to'^aottoe by, 
Jameson in the Island of Arran, if. J. O. S. xlix. (1898), p.*586. 
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of andesite, basalt, or some other dark rock, rich in ferro-magnesian con- 
stituents, while the later may be a |>ale acid%*ock, such as granophyre or 
granite. ‘ Although the later intrusion may traverse the earlier igneous 
mass in any irregular manner, it has been observed among the Inner 
Hebrides, where dykes of this typo are by no means rare, that the basic 
and acid constituents are usually ranged as parallel bands, an fK’id one in 
the centre, with a more basic band on either side. The evidence where 
obtainable shows that the acid part of these dykes is latest, and that it has 
not split a basic dyke up the middle but has forced its way betwi'en the 
two portions of a double dyke, sometimes invading a multiple dyke, 
cutting a portion of it obliquely, and even dissolving a portion of tlie baste 
walls between which it iuscended.^ 

Intersecting Dykes. — In volcanic districts it has frequently hap 
pened that new iissures have 
been opened across already 
existing dykes, and that they 
have been filled by the U})nse 
of fresh lava in them. Hence 
some dykes are found to be 
intersected ))y others. While 
the mere fact of this intersec- 
tion may bo taken to show a 
succe.ssion of injections of 
molten material, it is not 
always easy to determine which 
is the older of two dykes. As 
a general rule, however, tin* 
presence of the fine-grained 
margin or “ chilled edge ” may 
be relied on as a test of relative 
age. The dyke which carries 
its “ chilled edge ” acros.s another dyke must be the lat^T of the two ; 
or when this criterion fails, it may be po.s.sible to determine that the 
“chilled edge” of one of the <lykes is truncate<l by the other, and con- 
sequently marks the older intru.sion. In some regions extraordinary 
complications have arisen where the ground has been ropeate<IIy fissured, 
and where successive injecUons of lava have been made into the rents. 
In Fig. 322, for example, at least five tlykes intersect (yich other. Three 
of these have the prevalent north-westerly trend. They are cut by one 
which runs a little north of east, and this is in turn traversed by one 
that trends in ^orth and south direction.* 

Effects 4^ontiguou8 Rocka— These are similar to the changes 
{NToduced by intnisiv^ sheets and other eniptive masses. Induration is 
the most frequent kind of alteration. Remarkable examples have been 
observed where limestones in contact with dykes have had a saccharoid 
crystallization of the calcite superinduced upon them, and where even 

* * * Ancient Volcanoes of Great Britain ’ il. p. ISl. 

• Op. fit. II. p. 16». 



Fi;; (trouii<l l<Lttn of iiiUThcrting dykPN in I.iaN 

1iiiinMton»>, Nhore, wiHt of nmwlfoni, Skye. 
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new crystalline silicates have been developed. This subject is more 
particularly discussed at p. ^6, under the head of Contact-metamorphism. 

§ 4. Necks. 

i 

Under this term are included the filled-np pipes or funnels of former 
volcanic vents. Kvcry series of volcanic sheets })Ourcd out at the surface 
must havr' been connected either with fissures, or with orifices drilled 
through the terrestrial crust. On the cessation of the eruptions, these 



pin.' piutiall) ox|Hisei| lij 

orifices have remained tilled with lava or with fragmentaiy matter. Hut 
unless suhseejuent denudation has nanoved the overlying cone, a \ent lies 
buried under the materials which came out of it. So extensive, however, 
has been the waste of the surface in many old volcanic regions that the 
vents have been laid bare. In Fig. :\'>:) two volcanic funnels arc repre- 
sented, one of them still buried under overlying formations, the other 



Fi);. 3-U.— VoU'fliiii' Nc'c-k**, IVxas. I’hotograiih by .Mr. U. T. Hill, U.S. 0CT>1. Hur\ey. 


partially exposed by ilenudation. The study of volcanic Necks brings 
before us some of the more deep-seated phenomena of volcanic action, 
that cannot usually be seen at a modern volcano. 

A Neck is circular or elliptical in ground-plan, but occasioiftlly more 
irregular and bi*anching, and may vary in diameter from a few yards 
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(Fig. 325) up to two miles, oi* even more, 
perpendicularly to the stratification of 
the formation with which it is chrono- 
loj^ically connected. Should rocks origin- 
ally* horizontal he subsequently tilted, 
a neck associated with them might he 
thrown moie or less out of the vertical 
(Fig. 323). As a lule. however, thf 



Flu. SJ'i.— riiiti of \*?ck, iinibabl.v of l’eiitii,ui .i.;< 
Mhoru, near St. jMuiian’a, Fife. 

1 1, Irt'iln of litnesbiiio ; r, Uiin ('r>al -Hearn ; It, Imsilt , 
•S, larjfrt bell or block of ''arulMUiiic. Tho Ne<k, 'I, 
iiieasiurefl about by 37 yards. The iiiaik 

the dip of the »trata. 

vertical descent of necks into the earth’.s 
crust appears to have been cttinparatively 
little interfered with. In external form, 
necks commonly rise as cones or dome 
shaped hills (Figs. 321, 326, 328, 329). 
This contour, however, is not that <»f the 
origimal volcanoes, but is due to denuda 


It descends into the earth 



tion. Occasionally tho rocks of a neck ~- 

have been st^^orn away that a great 

hollow, suggestive of the original crater, occupies their site, (Fiiitry 


Hills, Stirlingshire.)^ 


' For some striking views of denuded volcanic ncck.s see Captain Dtitton's Itejiort on 
Mount Tarior and the Zuni Plateau, 6ih A tin. Heji. V. S. Geol. .SVrr/y, 1 884-85. Compare also 
Trwu. Bffjf. Soc. Edin. xxxt. (1888), p. 100 ; and Geo](^ca1 Survey Memoir on East Fife, 


1902« Examples of necka with connected lavas and tuffs are shown in Figs. 328 and 339. 
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It m*ight be supposed that necks should always rise on lines oi 
fissure. But in Central Scotland, where they abound in roc|p8 ol 
Carboniferous age, it is quite exceptional to find one placed on a fault. 
And they seem to be often, if not generally, independent of the structure 
gf the visible pjirt of the crust through which they rise (antef p. 279)^ 

The materials filling up ancient volcanic orifices may be (di) some 
form of lava, as rhyolite, granophyre, andesite,. gabbro, diabase, or basalt ; 
or (h) the fragmentary materials which fell back into the throat of the 
volcano and finally solidified there. In many instances, both kinds of 
rock occur in the same neck, the main mass consisting of agglomerate or 
tuff with a central pipe or numerous veins of lava. Among the Palaeozoic 
volcanic districts of Britain, necks are not infrequently filled with some 
acid rock, such as a dacite, orthophyre or “ felsite,” even where the sur- 
rounding lavas may be basic. The great vent of the Braid Hills near 
Edinburgh, belonging to the time of the Lower Old lied Sandstone, is 
filled with rhyolitic tuff containing 70 per cent of silica, while the lavas 
whicli flowed from it are andesites and diabases witli not more than 50 
per cent of this acid. 

In some necks comiwaed of eruptive rock, the material appears 
arranged iFi successive spherical shells, which may be supposed to be 
duo to the protrusion of successive portions of the pasty or viscous mass 
one within the other, the outer layers thinning away over the crown 
of the dome as they were attenuated by the ascent of fresh material 
from below.' Or we may 8uppo.se that the top of the plug sometimes 
solidified, and that subsequent emissions of lava rose through rents in 
the cnist, and flowed down the outside of the vent. 

The fragmentary materials in necks consist mainly of different lava- 
form rocks imbedded in a gravelly p^ipentio liko matiix of more finely 
comminuted dt^bris of the same rocks ; but they also contain, sometimes 
in abundance, fragments of the strata through which the necks have 
been drilled. When occasionally, as in some of the Maaro of the Eifel, 
those, non volcanic fragmonta constitute most of tlie debris (p. 326), we 
may infer that after the first gaseous explosions, the activity of the 
vent ceased, without the rise of the lava-column or its ejection in dust 
and fragments to the sFirfaoe. So unchanged are many of the pieces of 
sandstone, shale, limestone, or other stratified rock in the necks, that 
they have evidently never been exposed t.o any high temperature. In 
some cases, how^evor, considerable alteration is displayed. Dr. Heddle, 
from observations in Fife, concluded that the altered blocks in the tuff 
there must have been exjwsed to a temi)erature of between 660® and 
900® Fahr.2 

Among the numerous vents of Central ScotlandJ^ieces of fine 
stratified tuff not infrequently appear in the agglomerates. This fact* 
coupled with the common occurrence of a tumultuous, fractured, and 
highly-inclined bedding of the tuff with a dip towards the centre of 

* Scrope, * Otology and Extinct Volcanoes of Central Prance,* 2nd edition, d. «8. See 
B. Keyer, Jahrb, Owl. Rfichmtut. xxix. (1879), p. 463 ; and ante, p. 329, noto 8 ; A G. 
Trans, Jlojf, Soe, Edin, xxxv. (1888X p. 161. • Trans, Ra^^Soc, JSdin, xxviil. p, 437. 
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the neck (Figs. 326, 327), appears to show that the pipes were partly 
fiUed up by the subsidence of the tuff coifcolidated in beds within the 
crater and at the upper part of the funnel. Further indication of the 
probable subaerial character of the tuff 
is {prnished by abundant enclosed chips 
of wood, which may have belonged to 
trees or brushwood that grew upon the 
slopes of the cones. These fragments 
were probably entombed in the tuff 
while they were still green and full of 
sap, for tl)ey are invariably encrusted 
with crystalline calcite, which was intro- 
duced by infiltrating water, and deposited 
round them in the interspace left between 
them and the enclosing matrix aftej’ they 
had dried. ^ 

It is common to find among necks 
of tuff numerous dykes and veins of 
lava which, ascending through the tuff, an- lisually confined to it, 
though occasionally they j)enetrato the surrounding strata. They are 
often beautifully columnar, the columns diverging from the sides of the 
dykes and being fre<iuently curved. 

Proofs of subsidence round the sides of vents may often l)e observed. 
Stratified rocks, through which a volcanic funnel had been f^juuied, 
commonly dip into it all round, an<l may ev<*n be seen on edge, as if they 
had been subsequently dragged down by the sulwidence of the materials 
in the vent,‘^ The fact of sub.sidonce beneath modern volcanic cones has 
already been referred to (p. 310). 



S, suiiiistoncs wliioh thi' .Neck 

lias Im‘)>ii blduii , U Imivilt tiykeK 


A remarkable region for the abuudniic*' of its volmiiir netks anJ the cleajiieRs of 
tke sections in which their slructuo* ami thcii rdatioiiH to the MirrouinJiiig rocks are 
ex[K)8ed, lies in the ea.stcin jiaitof the county of Fife, Sootlaml, to which allusion has 
already been made. In a fijmcc of about 12 miles in length by from 6 to 8 in breadth 
no fewer than eighty vents have been detected, and otlieis may blill lie concealed under 
snperficial deposits. They pierce the vaiiuus siilMliviHioiiH of tlic ('arlioniferouH hystem, 
and are thus probably |iost-C'arborjiferous. They not iinprohahly belong to the same 
volcanic period with the necks and ande.site Iava.s of Ayrshire and Nithsdalo, which 
have been regarde<l as Permian. Une great feature of iiiUtchI in regard to them is the way 
in which they have been dissected by the sea along the shore. Kvery detail of their in- 
ternal organisation can tlius he studied, and an idea can lie formed of tlie tectonic arrange- 
ment of a volcanic vent such as cannot lie uhtained fioin any modern volcano. Some 
of the foregoing illustrations are taken from theso Fife necks (Figs. 1126, 826, and 827).’ 

On the continent of Europe the dctacheil Ismscs of ]ic|ierito in Auvergne not 


» See the “Geology of East Fife” (Jfem. oW. .S«rr.), 1902, p. 274. 

* TVana. Jtoy. Soe. JCditf. xxix. p. 469. For an excellent example from New Zealand, 
see Heathy, Q. J, Geol. Soc. 1860, p. 245. 

* These necks were first described in my Memoir, already cited from Tmtu. Itxty. Htc, 
Edin. xxix. p, 437 ; but I have recently given a much fuller account of them, with 
museroiu diagrams and plates, in the Geological Survey Memoir on the Geology of East 
Fife, above cited. 



/62 }}E0TECt6nIC (8TRVCTUEAL) OEOLOOY book it 

improbably* mark tho sites of some of the oldest and most denuded volcanic vents in that 
district (p. 17S). A remarkable mgion for necks is that of the Swabian Alb of WUrtem- 
burg, where 125 separate examples have been found. They are filled with tuff, but 
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sometimes with basalt, and have risen vertically through different members of the 
Jurassic system without apparently the assutance of any pre-existing faults or fissures. 
They have been elaborately descried by Professor Branco.^ 

^ *‘Sohwabens 125 Vulkan-Embryonru und deren tufferfiilUe Ausbruchsrohren — das 
grdsste Gebiet ehemaliger Maare auf der fkde," Tubingen, 1894. 
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Effects on Contiguous Rocks. — The strata round a *n6ck are 
usually somewhat hardened. Sandstones hate acquired a vitreous lusti^ ; 
argillaceous beds have been indurated into porcellanito ; coal-seams have 
been fused, blistered, burnt, and rendered unwt)rkable. The coal- workings 
in Fife and Ayrshire have revealed many interesting examples of these 
changes, which may be partly due to the heat of the ascending column of 
molten rock or ejected fragments, partly to the rise of heated vajxnirs, even 
for a long time 8ul)seqnemly to the volcanic explosions. Proofs of meta- 
morphism, probably due to the latter cause, may sometimes be seen within 
the area of the nock itself. Where the altered mat«‘iials are of a fragment- 
ary character, the nature and amount of this change can best he e.stimatcd. 
What was probably originally a general matrix of volcanic du.st has been 
converted into an indurated more or l(‘.ss crv.stalline mass, through which 
the dispersed blocks, thoiigli likewise interrsely altered, are .'<till recognis- 
able. Such blocks as, fnjin llie nature of their .suhstance, must have 
offered most resistance to cluiiige —pieces of sandstone or quaitz, for 
example — stand out prominently in the altered mass, tiiough even they 
have undergone more or bss modification, the sandstone heing converted 
into vitreou-s quartzite. 

Section ii. Interstratifled, Volcanic, or Contemporaneous Phase of 
Eruptlvity. 

The phenomena of volcanic action, together with the prcnlucts and 
structure of volcanoes having been already discussed in Hook 111. I’art 
I., we have now only to consider those features of the subject which 
distinguish the volcanic rocks of former agc.s, which enable us to follow 
the progress of volcanism in the past and which fix the dates of the 
successive eruptions. It is evidtnit that, on the whole, the inasseH of 
volcanic material which have ))cen erupted to the surface must agree in 
lithological chaiacters with rock.s already described, which have been 
extrava.sated by volcanic efforts without (juite reaching the surface. Yet 
they have some well-marked general characters of which the most 
important may be thus .stated. (1) 'I’hcy occur na beds or sheets, sorno- 
time.s lava-form, sometimes of fragmental materials, which conform to the 
bedding of the strata among which they arc intercalated. (2) They do 
not break into or alter overlying strata, though they have sometimes 
ploughed up and involved jiortions of the sediment undernefith tliem 
and over which they flowed. ( 3 ) 'I'he up|M*r and under surfaces of the 
lava-beds present commonly a scoriaceous or vesicular character, which may 
even be found exjjending througliout tlic whole of a sheet. ( 4 ) Fragments 
of these uppo* ’ surfaces not unusually occur in the immediately over- 
lying strata. (5) Beds of tuff arc frequently interstratified with sheets 
of lava, but may also occur by themselve.s, intercalated among ordinary 
sedimentary strata. 

A record of the feeblest display of coiik'inporaneous volcanic energy 
in any oW group of rocks is furnished by a band of interstratified tuff, 
marking a single volcanic eruption. A succession of such bands indicates 
VOL. II K 
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a series *of similar discharges, and every intermediate stage may be 
illustrated by examples uptto a mass of lavas and tufTs many thousands 
of feet in thickness intercalated among sedimentary deposits. 

In the investigation of former volcanic action the detection of true 
volcanic tuff is of fundamental importance. While the observer may 
be in doubt whether a particular bed of lava has been poured out at the 
surface as a true flow, or has consolidated at some depth as a sill, and, 
therefore, whether or not it furnishes evidence of an actual volcanic out- 
break at the locality, he is not liable to the same uncertainty among the 
fragmental eruptive rocks. Putting aside the occasioifal breccfated 
structure seen along the edges of plutonic intrusive masses, he may 
regard all the truly fragmental igneous rocks as proofs of volcanic action 
having been manifested at the surface. The agglomerate found in a 
volcanic neck could not have been formed unless the vapours in the 
vent had been able to find their way to the surface, and in so doing 
to blow into fragments the rocks on the site of the vent as well as the 
upper j)art of the ascending lava-column. ‘ Wherever, therefore, a bed 
or series of l)eds of tuff occurs interstratified in geological formations, 
it points to contemporanoou.s volcanic eruptions. Hence the value of 
these rock.s in interpreting the volcanic annals of a region. 

Tile fragmentary ejections from a volcano or a cooling lava-stream 
vary from the coarsest agglomerate to the finest tuff, the coarser 
materials being commonly found nearest to the source of discharge. 
They naturally differ in composition, according to the nature of the lavas 
with which tiny are aswsociated and from which they have been derived. 
Where the lavjis are basic or acid, so likewise the tuffs are expected to be, 
though, as has been above stated (p. 712), instances have been observed 
where, owing to the presence, of a heterogeneous magma or of two distinct 
magmas, showers of acid fragments have alternated with the outflow 
of intermediate or even basic lavas. The fragmentary matter ejected 
from volcanic vents has fallen partly back into the funnels of discharge, 
partly over the surrounding area. It is apt, therefore, to be more or 
less mingled with ordinary sedimentary detritus. We find it, indeed, 
passing insensibly into sandstone, shale, limestone, and other strata. 
Alternations of gnivelly peperimAWe tuff with a very fine-grained “ ash ” 
may frequently be observed. I^arge blocks of lava-form rock, as well as 
of the strata through w'hich the volcanic explosions have taken place, 
occur in the tuffs of most old volcanic districts. Occasionally such 
ejected blocks as well as bombs, derived from the expulsion of molten 
material, are found among the fine shales and other strata, the 
lamination of which is bent down round them in such a way as to show 
that the stones fell with considerable force into the stilfWt and yielding 
silt or clay (Fig. 330) * 

Volcanic tuffs and conglomerates occur in interstratified beds without 

1 It is conceivable, as already stated, that where a masa of lava was ii\jected into a 
■abterraueau cavern, fragmentary discharges might take place and partly fill that cavity ; 
btti aueh exceptional cases are probably extremely rare. 

« See a«ol, ATo^. i. (1864), p. 22. 
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any accompanying lava, much more commonly than do intorstratified 
sheets of lava, without beds of tuff ; just as in recent volcanic districts, it 
is more usual to find cones of ashes or cinders without lava, than lava- 
sheets without an accompaniment of ashes. Masses of Hncor gravelly 
tuff,^several hundreds of feet in thickness, without the intervention of any 
lava-bed, may be observed in the volcanic districts of the Old J{ed Sjuid- 
stone and Carboniferous systems in Scotland. I'liesc furnish evidence of 
long-continued volcanic action, during which fragmentary materials were 
showered out over the water-basins, mingled with little or no ordinary 



Fig, 330. -Ejwifd \ol<-HHic l.l(.ck (PJ ,v r, it m (’.uhoiuft ruus IVltycur, Fife. 


sediment. On the otlier hand, in the''e .same area.s, tliin seams of tulf 
intcrlaminated with sandstone, shale, or limestone, atford indications of 
feeble intermittent volcanic e.\ plosions, whereliy light sliowers of dust w’erc 
discharged, which settled down ipiietly amid.st the sand, mud, or limestone 
accumulating at the time. Under these latter circuinstance.s, tulfs ofUm 
become fos.siliferous ; they enclo.se the remains of such jdaiits and animals 
as might be lyifig on the lake-lM»tlom or .sea Hour over whicli tin* showers 
of volcanic dust fell, and thus they lorm a connecting link hetween a(|Ueous 
and igneous rocks. 




As illustration.s of tlie iiatuip of tlu* .Htiutigraj>(iii .tl for fomior conditions of 

volcanic activity, fumi'.lo'd Ijy intcKalationh of 
tuff, some examples from tin* Carhonifcrous fonij,i- 
tions of Britain may here he ijiven. In Fig. .i’il, 
from the Calciferous Sand.stonc series of Linlilligow- 
ahire, the successive conditions of tlie llooi of a 
lagoon are presented to our view. At the hot tom 
of the section lies a black shale (1) of the umkiI 
carbonaceous type, with remains of terrestrial plunls. 

It is covered by a bed of ncxlular hlui.sh-giey luff 
(2), containing black shale fragments, whence we 
may infer that the underlying or some similar shale 
was blown out irom the site of the vent that 
furnished this dust and gravel. A second Mack 
shale (8) is succeeded by a second thin bainl of fine t'K- sal.— Section of tnterntrauncatiooa 
pale yellowish tuff (4). Black shale ( 5 ) again super- 
VMieiy contalBingiounded ftagmenU of tuff, perbap. 
lapilli intei^ittently ejected from the neighbouring 



vent, and passing up into a layer of tuff (6), which marks how the volcanic activity 
gradually increased again. It is evident tliat, hut for the proximity of an active 
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volcanic vent, tlierc would liave been a contimtous deposit of black mud, the conditions 
of sedimentation having rfiiiain^ unchanged. In the next stratum ol sliale (/), thin 
scams and inxiub-s of clay-ironstone accumulated round decomposing organic remains on 
tlu! iriuddy liottom. A In ief volcanic explosion is marked by tlio chin tuff-bed (8), after 
wliicb the old conditions of deposit confimied, the bottom of the water, as the shale (9) 
shows, being ciowdisl with o-.tiacoil crustaceans, wliile fishes, whose coprolifes hai% been 
left in flic mud, liauntid the locality. At last, Jiowever, a much moie j)owcrful and 
prolonged volcanic exjdosion took place. A coarse agglomerate or tuff (10), with blocks 
sometimes m aily a foot in di.imeter, was then thrown out and ovcrspreail the lagoon. 

A scene of a sotuewhat dilleient kind is n vealcd by the .section tlrawn in Fig. 332, 



Ki,j. a.li. ■ .Scetiiiii III ot I Sertiuu m WaiiUaw Qicnry, 

[.iineui Iv. I.itihtli'r^owslure 

1, l.iiiiestotie , Ciilc.uiMO lull , i, A'h.\ 
lliiu'stoiu! (It lujjjhlv ciiKmh oils lull. 

which represents a tiinkness (jf about 15 feet of strata. The lowest rock visible is a 
bliiek, tiderahly piiic limestone, fmmed of mgani-ms which lived on the sea-Iloor. As 
it is followed upwaid it t- sieii lo be interleaved with thin jiai tings of tine greenish 
ealcareiius tulf. each of wbiib marks a separate eruptinu from some neighbouring 
volcanic vent, 'file inteival.s between the suecossi\e explosions must have been long 
enough, not only to allow the water to become clear, but to permit the calcareous 
oiganisuis onee nuuc to spie.id over the bottom and form a layer of limestone. Half- 
W'ay up the secliou the voleamc material rapidly lucicases in amount until it takes the 
place of the limestone, though its calcaicoiis composition shows that some of the 
organisms still niinglc<l tlicii remains with tlic volcanic diist had buried their 

pi eilcccssurs. ‘ 

As the presence of true volcanie tulf pioves that molten rock lias risim in a vent, 
whence it has been blow u out to the surface iii the foria of dust and hipilli, we may always 
bo iuY[iarcd to tiiid evidence that it also llowed out in streams of lava. In Fig. 333, 
for example, a record is suppUi-d ot the outflow of two sheets of lava over the floor of the 
sea in whiih the Cai lxmiferoua limestone was deposited. The interval ot |inie lietwccn 


‘ • Am. lent Volcanoes of Great BriUin,’ ii. p, 44. 




PART ni 8KCT. ii IXTJCRf^TRATIFIED LAVAS AXD TVFFS 


their rcsjK‘ctive eruptions is Ivrro reprosenttvl by about *20 f.ft of HiMlimcutfi, c.>n»isti)ig 
mainly of organi(?ally*clevivvfl limestone with home inilrcalations of hhuk mml and grey 
sand. At the bottom of the seetion, a ]>ale amygdal*»iil!il. somewhat altered fonu of 
liasalt (A) marks the up|>cT surface of one of the suhmaiiiie lavas of tlie peiiod, Djreetlv 
over it comes a bed of limestone (H' l.'i feet thick, the lower layers of which are made 
up of a dense growth of the thin-stemmed eoial, LtfJtosfn/fiihi irniju/an', wlmdi ovei- 
spread the hardened lava. Tlie next ftralum i.s a hand of durk sliale ((’\ about l.’ feel 
thick, followed by about the s-ime thickness of an im|.nie linie.sloiie w jth shale M-anis. 
The condition.s for coral growth were evhlently not favomalile; l<tr the deposit of this 
argillaceous limestone wa.s arrested by the precipitation of a daik mud. now to be seen 
in the form of 3 or 4 inches of a bl.iek pyntous shah* (K'. and next by the inioad of a 
large quantity of a daik .sandy mud, and didt vegetation, xshieh has been pieseived as 
a sandy shale (F) containing CV/oni/fcv, J'rinhu'fi, gamud scab-.s. and otlicr traces of the 
terrestrial and marine life of tlie tim“. Kinallv a s]ieet «tt lava, represented by the 



Fig. .'{14. — .S*«i'tioii of 111'* vu'iciiiiM* !.;iotip III till' ( 'ai liuuili'riiiis l,iiii«'st<iiie. Mt't'lle Hiipi', 
iiiiiiiHi Ilf S«'\erii, hf'iiMM'i I 


uppemiost amygdaloid overspiead the area, and '-ealcd up these lecoids of 

Paleozoic history. 

An e\am|)le fiorn another p-ution ol the .s.inn ancient sea lioftoin will .seive, lo 
show how both tun’s and lavas may be int< istiatitied in acoidoimabln and eoiilinnons 
succession of marine organic limestones. It is taken fioiii ilo- inteiesting volcanic gionp 
near We.ston-snjwr Mare, and rejue.sents the whole of that gioiip. heie about JOO feet 
thick, intercalated in the midst of the maiine limestones.' At the bottom lies the 
normal highly fossiliferons <iiiioidal limestone (1), the deposition of which was now 
interrupted. It becomes impure loward.s tin- top, where it is mveied with a greenish 
volcanic tuff (2) about 12 feet thick, including raleaieons hands. This tuff marks tin* 
beginning of the enijjtion.s which wen* ushered in with a discharge of asbes and dust 
Then came an iiitc’'*'al of qnieseeiiec, dining wdiieh the organisms, espe nilly PrtdurhiH^ 
swarmed over the first xoleaiiic deposit, and built up an irregular phoet of thin- 
bedded limestone (3) three (pet thick and upw'arda. Another eruption now tr>ok jilace, 
which covered up the shells, crinoids and corals, ami formed the group of tuHs (■!), 
though some of the oigani.sm.s strugghsl on and forme<l lentirular wams »)f lime- 
stone among the volcanic sediment. They once more weie able to gather into thicker 

* A. Strahan and A. G. in Summary </ ProjrrM of (•rdoywil Surrey for 189H, pp. 

104 - 111 . 
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continuous seams of limestone (5). The limestone (6) is crowded with their remtinsi and 
aa it has a thickness of 15 feet,*it marks a pause of some duration In the volcanic 
activity. This interval was at last brought to an end by a renewed and more energetic 
manifestation of subterranean energy. First came a series of vigorous discharges of fine 
dust an<l stones, whicli eventually accumulated to a depth of from 12 to 14 feet of tuff 
(7). A thin layer of chert (8) lies at the top of the volcanic sediment, and is immediately 
overlain with a dull green somewhat decomposing vesicular olivine-basalt (9), 12 to 14 
feet thick, displaying marked ellijisoidal structure, and ju-esenting a rugged scoriaceous 
upper surface. This lava marks the culmination of the volcanic episode in the district. 
It w’as followed l)y a time of comparative <piic.s<'encc, during which occasional showers 



Fig. 833.~Eroct comforous tiw-trunk Niirroiiii<leU by and buried under Ti-rtiarj’ basalt, Grlbon, 
lain of Mull. (‘{Scenery of Scotland,’ 3nl edition, p. 142.) 

of fine volcanic dnst were discharged, traces of w'hich are preserved as thin partings in 
the nine feet of highly foasiliferous limestone (10) which overlie.s the basalt, and has 
filled up all the iri-egularities of its surface. A recrudescence of volcanic activity is 
indicated by the band of green tuff (11) about nine feet thick, but the discharges 
wore not so continuous or violent as wholly to kill off the calcareous organisms on the 
sea-bottom, for their remains have been aggregated into lenticular seams and nodules 
among the volcanic sediment. The red limestone (12) about three feet thick shows 
by its thin leaves of tuff that feeble discharges of dust were still mdng place. Theae 
indications of volcanic action become still feebler in the overlying reddish nodular 
limestone (13), also about three feet thick, above w'hich comes once more normal thick 
limestone wholly made of organic remains, like that below the volcanic group. ^ 

In the case of subaerial eruptions we may expect to meet with occasional inteccala- 
tions of lacustrine or fluviatile sediment containing the remains of a land flora or fanna. 
The Tertiary volcanic series of Central France presents many instructive |ud classic 
WMples of this association. We there find the fine tuffs alternating in Uiin laminee 
with the fresh-water limestones, and delintely filling the cavities of the shells of pond- 
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•nails. In the west of Scotland the Tertiary basalt* plateaux contain interesting 
examples of river-channels filled with gravel, and sometimes containing drift -wood, 
which have been buried under streams of lava. In at least one instance a coniferous 
tree with a stem five feet in diameter has been enveloped in the molten rook, aiul still 
retaij^s its erect position. The bark and outer part of the wood were charred, and 
the upper part of the trunk had decayed, leaving an empty cylinder in the basalt, into 
which rubbish was washed from the ground above, l)efore the next outflow of lava buried 
it. As shown in Fig. 385, the columns of the basalt diverge from the sides of the tree, 
which formed the cooling surface whence the contraction started. 

While the underground course of a protruded mass of molten igneous 
rock has widely varied according to the shape of the channel through 
which it proceeded and in which, as in a mould, it solidified, the hehaviour 



Fig. 83<i.— Sandstone tilling rents in tiie huifsce of an mterie*ld**il hlieet oi flow ol porpliyiite, which ia 
covcre<l with a be«t of foriKloiiierate. .if Kiticai«Jine»hire. 

The rents have been tilled in with sand before the eruption of the next flow, 

of the rock, once poured out at the surface, is more uniform. The enipted 
lava rolls along, varying in thickness and other minor cliaracters, acconl- 
ing to its viscosity, the angle of slope and the irregularities of the 
topography over w'hich it flovfs. It forms a rough, lenticular bed or 
sheet. A comparison of such a bed with one of the intrusive sheets 
already described shows that in several im]jortant lithological characters 
they differ from each other. An intrusive sheet is closest in grain 
near its upper and under surfaces ; a contemporaneous hed or true lava- 
flow, on the contrary, is there usually most open and scoriuccous. In the 
one case, we comparatively rarely see vesicles or amygdales, and when 
they do occur they are usually small in size, and more or loss uniformly 
distributed along certain bands or lines. In the lavas, on the other band, 
such vesicles commonly abound, and present wifie variations in size, 
shape, and distribution. However rough the upper surface of an inter- 
stiatified sheet may be, it never 8en<l8 out veins into, nor encloses portions 
of the superincumbent rocks, which, however, sometimes contain portions 
of it, and wrap round iu hummocky irregularities. Occasionally it may 
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be observed to be full of rents, which have been filled up with sandstone 
or other sedimentary matenal. These rents were formed while the lava 
was cooling, and sand was subsequently washed into them. Examples of 
this structure abound among the andesite lavas of the volcanic tracts of 
the Scottish Lower Old Red Sandstone (Fig. 33 6).^ * 

The amygdaloidal cavities throughout an interstratified sheet, but 
more especially at the top, often present an elongated form, and are even 
pulled out into tube -like hollows in one general direction, which was 
obviously the line of movement of the yet viscous mass (pp. 134, 306). 
Some kinds of rock, which have appeared as superficial lava-flows, have 
assumed a system of columnar jointing. Basalt, in pf»rticular, is dis- 
tinguished by the frequency and perfection of its columns. The CJiants’ 
Causeway, the clifls of Staffa, of Ardtun in Mull, and of Loch Staffin in 
Skye, the Orgues d’Expailly in Auvergne, and the Kirschberg of Fulda 
are well-known e.xamples. Andesite, rhyolite, obsidian, pitchstone and 
other effusive rocks likewise occur occasionally in columnar forms. Some 
basic lavas, during their flow, have broken up into rounded, elliptical or 
pillow-shaped nuusses of all sizes, from a few inches to several feet or even 
yards in diameter (pp. 136, 306). The.se blocks often present line.s of 
small amygdales close to their edges, the centre being somctimc.s marked 
by larger and more irregularly shaped caviiie.s. The interspaces between 
the ellipsoids were usually filled with some sedimentary deposit, which 
among the ralft*ozoic examples is not infre(juently chert containing 
Radiolaria, but it may be liine.stone, shale, ironstone, volcanic tuff or 
other material. Iho origin of these rounded blocks ha.s been ascribed 
to the sudden disruption and chilling of lava that has flowed into a lake, 
river, or the sea.- 

Lenticular sheets or groups of sheets of lava, usually of limited extent 
and with associated Ixinds of tuft, form the more frequent tyj)e among 
Palffiozoic and Secondary formations. A single interbedded sheet may 
occasionally be fouinl intercalated between ordinary sedimentary strata, 
without any other volcanic accompaniment. But this is unusual, [u the 
great majority of cases, several sheets occur together, with accompanying 
bands of contemporaneous tuff, and they may be piled up into accumula- 
tions thousiinds of feet in thickness, their geological age being generally 
ascertainable from the (»rganic remains associated with them or with 
the conformable strata immediately below or above them. 

Interbedded (and also intrusive) sheets have shared in all the subse- 

’ See 'Ancient Volcnnoes of (treat Britain,’ i. pp. 283, 333, where a nimil)er of examples 
are tlgured, also “ Geoloj^y of East Fife,” Mtm, Gevl, Suvr. Comjwe the mud-enclosures 
describeil by Professor B. K. Emerson, in the Tria.ssic Trap of New EnRlund, and attributed 
by him to the influence of strong convection currents, whereby mud wa.s rapidly diffused over 
and uuder lava that flowed into water. BttU, (teol, Jmer. viii. (1897), p. 69. 

* For descriptions of the ellipsoidal structure of lavas, see G. Platania, in H. Johnston- 
Lavis’ ‘South Italian Volcanoes,’. Naples, 1891, p. 41, and Plate xii. ; J. J. H. Teall and 
H. Fox, Q. J. O. N. xlix. (1898), p. 211 ; J. J. H. Teall, Trans. Roy. Ueol. Soe, Comtoall, 
1894, p. 8 ; F. L. Ransome, Bnil. Otvl. Vnivers. Cal\fornia^ No. 7 (1894) ; A. Q. ‘Ancient 
Volcanoes of Great Britain,’ i, pp. 25, 184, 193 ; T. Morgan Clements, Monograph xxxvi. 
G,8. CM, SMfv. 1899, p. 112. 
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quent curvature and faulting of the formadons among which they lie. 
This relation is well seen in the “toadstone ^ or sheets of dolerite, basalt, 
and tuft* associated with the Carboniferous IJmestone of Dcrbvshire 

(Fig. my 



ONE MIIF 

Fijf. 337. - Section of intemilRtcd laxan aiul tntN (•* to-ulstuiic “) in (‘.irlHiiiilcuMis J !>• i lij ^}jhc 

(/•’). <( It, " Toadstone," in tw<i tieds, h b, Liiiiestoncs , MilNtuin nnj ; f j^ hiiill.- 

In .siu'h ahundantlv volcanic di.stiicts as (Vntral Siotland, llic necks oi vcnlsof cni)* 
tion (Figs. 3*2S, 3S1*) may frequently In* ilctci*tcd among the lavas rthich jiroccclcd from 
them. Thu tliicknosa of an inteihe<hlc(I sheet \ane.s for difl’cicnt kimlsof lava. Asaiiile. 
the more acid rock.saru in thicker Iteds than the mote hasic. Some of fhc t hnincsl and most 
{lersistcnt sheets may he observed among the ha.salt.s. where a tliickn»*ss of not moie than 
12 or 15 feet for each sheet is not nncommon. Hoth individual hheets and groups of 
sheets have commonly a markeilly lenticular ehaiacter. Tliey uMially thicken in a 
particular direction, probably that from which they (lowctl. On the othci hand, beds of 
tolerably uni foim thickness and llutnc'.s of surface maybe found, anmng the b.i^-alls, 
more particularly, the same sheet may be tiace.ible for miles, with remaikublc icgul.ii ily 
of thickness and parallelism between its npiM*r and umler .surfaces .p Thlb. 'flic ande- 
sites ami traehytic and ihvolilic Inv.is are nioie iiregiilar in thukiicHs and foim of 
.surface. Tlie doniitc of Auvergne has fonmd domes without spieading out into sheets. 

Ahiindant examples of thick iiitcicalalcd xolcanic grou]is may )>e stndnd among the 
Faheo/nie and Teitiary forniatmns of VVestcin Ivirope, and nowheicona laigei .scale than 
in the British Isle-^. The Catiihiiaii livas ami tuffs of J‘eml>iok« slnie. and those of 
Arenig and Bala age in North Wales, the Bake Itistrict. the south of Siotlaud, and llie 
south.ea.st of Ireland form a notable record of \olcauic activity in ohh r Fabo/oic lime. 
They were aucceederl hy the great outpouiiiigs of the Ohl Red Saml-tone, Dexoui.iii, 
Carboniferous, ami I’ermian volcano**.s. But tin* volcanic energy gi.jdiially dinunisbed 
until the la.st I’ennian eruptions gave ri.se to groups of .sinall toff-cones, like those of 
Aui'ergiie, never discharging flooda of lava like those of rarlier js^iiod.s, and probably in 
most cases emitting only showers of ashe.s and stones.* Then* a)']*ear8 to have lieen 
a complete quiescence of volcanic activity during the v^hole of the Mesoroic agia in 
Britain. But the suhterraiiean tiicN were rekindleil in older Terti.uy time, and gave 
forth the great basalt .sliects of Antrim and the Innei Hebrides, 

On the continent of Kiiioj>e a similar long lecord of \olc.imV action in found, with a 
corre8{»ondiiig Mesozoic q 11 ic.Hceiice. ('ambiian, Sduri.iii, Jtevoniaii, ( aihouifeious, ami 
Permian volcanic rocks have been found in I* ranee. The Feimian volcanic roi ks of 
Qerntany have long been well known. In the Tynd o'tui exU'iisive sheets of quartz- 
porphyry of Tria.s8ic or ohler date, together wifli assoi wted tuffs. 

Some of the mo.st enormous accumulations <if ej«cted voleanie material are found 
among the records of Tertiary lime in the western parts of Noitli Aiiieina. 'Iliua in 
the Absaroka range in Wyoming the following aequence of volcanic ejections haa Ijeen 
established, the w’hole amounting to 11,000 feel.* 

* .See Section 18 of Jhmz. .Src/. 6WV. Surr. Graai lintain. 

* 'Ancient Volcanoes of Great Britain,’ where the British volcanic history is fully 

described. ^ 

* Mr. Uagne, ‘ Absaroka Folio,’ V.S. G. S. Presidential Address to Geol. Soc. Washington, 
1898. This section furnishes aaother example of alternating liasic and acid ejections. 
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Lite BMftlt ffoW9 300 feet 

Late Basic Breccia, alternations of coarse and fine fragmental 
material, pointing to a prolonged sncccssion of eruptions . . 2500 „ 

Late Acid Breccia, composed mainly of andesite detritus, the 

result of many successive explosions 2000 ,, 

£ar|y Basalt flows in sheets from 5 to 50 feet in thickness . 1200 ,, 

Early Basic Breccia, coarse and fine, with intercalated sheets of 
basalt which increase in number and thickness towards the top . 4000 ,, 

Early Acid Breccia, coarse and fine material irregularly heaped 
together, with some beds of silt and mud .... 1000 ,, 



Fig. 838.— SucccMsion of Vulciuue conglouierattM rihI la\a-shcetii, Cafion of Yellowrstone lilver. 
Photograjih by Mr. C. IX Walcott, U. S. Geol. SurAey. 


Some of these breccias are crowded with erect and prostrate fossil trees, which mark 
successive forest-growths that were overwhelmed and buried under the enormous amount 
of fragmentary material discharged from the neighbouring vents. 

To the west of the Absaroka range lies the Yellowstone National Park, where the 
Yellowstone River has cut vastravines out of the volcanic series, displayingon a grand scale 
a euoceasion of bueocias or conglomerates and intercalated lavas. The ge%sral topo- 
graphy of the ca&on, as influenced by the difference in weathering of the two Vinds of 
material, is representeil in Fig. 338, the hard columnar lavas forming prominent biOa. 
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Tfft06S of threo types of volcanoes in^ be recognised among the 
volcanic rocks interstratified in the various geological formations. 

1. Vesuvian type — consisting of lavas and tuffs whiclj have come 
mainly from one central orifice. Here the rocks rapidly diminish in 
thickness away from their point of origin, and hence form lenticular 
intercalations among the sedimentary strata with which they are associated. 
Thus in Linlithgowshire, the mass of lavas and tuffs above 'referred to 
(Figs. 331, 333) reaches a collective thickness of probably 2000 feet 
in the Carboniferous Limestone series, but dies out so rapidly that 
within a distance of about ten miles it has dwindled down to a single 
sheet of lava less than 50 feet thick. Still more rapid attenuation is 
observable among the older volcanic accumuhition.s of C-entral Scotland 
and North Wales. We have only to reflect on what would be the 
probable structure displayed by VesiH'ius if it had been buried under 
some sedimentary accumulation, and had afterwards been laid bare to 
the roots by prolonged denudation, in order to Ihj able to understand 
the condition in which ancient representatives of the .same type may 
be expected to appear. (Com|xirc Figs. 21^3, 294.) 

2. The Plateau type consists of sheets of lava and tuff whjch instead 
of accumulating round a main centre oi' discharge have spread out over 
wide areas, sometimes amounting to thousands of sfpiare inilo.s. Those 
materials have sometimes come directly out of fis-sures opened at the surface 
(fissure-eruptions, p. 342), sometimes out of vents which may bo crowded 
closely together. In this tyj)e the lavas usually largely pre<lominate over 
the fragmental discharges. The more basic lavas, especially those of the 
basalt family, have most freijuently assumed this form. 

The fragmentary plateaux of the Bnti.sh Ivlainls, the Fume I.sluntls and leelaiid ; 
those of the Indian Deccan and of Abyssinia, and the moie lecent basalt Moods >*bieh 
have closed tlie eventful history of vedennn: urtioii in North -America, aie notable 
illustrations of this type of structure. Beds of tulf, conglomeraU’, gravel, clay, shale, 
or other stratitied intercalations oceasiunally separate the sheets of basalt. Layers of 
lacustrine clays, soiiietinies full of leaves, an<l even with sufficiently tliick masses of 
vegetation to form baiids of lignite or coal, may also Imto ami there he deU^cted 
Occasional prostrate or even ereet trees may be «bseived enclosed in the lava (Fig. 3.3r»). 
But marine intercalcation.s are raie or absent. There can be no doubt that these widely 
extended sheets of basalt were in the main subuerial out|»ourings, and tlial in tlic hollows 
of their hardened surfaces lay lakes and smaller p'ols of water in which the interstrati- 
fied sedimentary materials were laid down. Tin* singular js*r»istenco of the basalt bt'ds 
has often been noticed. The same sheet may fie followed for several miles along the 
magnificent cliffs of Skye and Mull. Mr. Clarence King believes that single aheeU of 
basalt in the Snake River lavu-field of Idaho may have flowed for 50 or 60 miles.* The 
basalts, however, so exactly resemble each other that the eye may be deceived unless it 
can follow a band without any interruption of continuity. 

Next to the basalts, perhaf«, come the andeaiUs as plateau-builders. Conspicuous 
examples of the way in which they have been piled over each other to a depth of many 
hundred feet and over areas of hundreds of square miles may be seen in Central and 
Southern Scotland, where the Old Red Sandstone (hills of Lome) and Carboniferous 

^ *0«o)bgical Exploration of 40th Parallel,’ i. p. 593. See also C. E. T>utton, Satvre, 
arth November 1884. 6eA Ann, Rrp. dtel, iiurv. 1884-85, p. 181. and 4/A Ann. Rtp, 
aune Survey, 1882-83, p. 85.' 
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systnniH (Catnpsie Fells and Jiills above Largs), include consecutive sheets of different 
andesites and diabases that rise intofong terraced tablelands. The regularity of thickness 
and parallelism of these sheets form conspicuous features in the scenery of the districts 
in which they occur. 

3. The Ptiy typo is shown liy scattered vents filled with agglomerate 
or tuff, sometimes also with dyke.s or plugs of lava. In many ctises these 
vents have iiot emitted any lava-streams. They mark a comparatively 
foohle phase of volcanic action. They are sometimes, however, remarkably 
abundant within a restricted area, as in the tract of Kast Fife already 
referred to (p. 751), wliere at least eighty of them are croAvded together 
within a Hj)ace of 70 or 80 square milo.s. 'I'he puys of Auvergne, the 
maarc of the Eifel, and the small tuff-cones of the l>ay of Naples are 
familiar examples of late geological age. 

Faht VI 11. Mktamorphi.sm, Local and Regional. 

The sense in which the terms “metamorphism” and “ metamorphic ” 
are to be employed should be precisely defined at the beginning of a 
discussion of the Subject to which they are applied. It is r)bvi()us that 
we have no right to call a rock metamorphic, unless wo can (1) distinctly 
trace it into an unaltered condition, or (2) can show from its internal 
composition and structure that it has undergone a definite change, or (3) 
can prove its identity with some other rock whose metamorphic character 
has been satisfactorily established. At the outsi't, it may he remarked 
that, in a certain sense, all or nearly all rocks may bt* s:iid to have been 
“metamorphosed,” since it is (*.veeptional to find any, not of \erv modern 
date, which do not show, when closely examined, proofs of having been 
hardened by the pressure of superincumbent rock, or altered by the 
action of percolating water or other daily acting agent of change. Even 
a solid crystalline mass, wliich, when viewed on a fresh fracture with a 
good lens, scorns to consist of unchanged crystalline particles, Avill often 
betray under the microscope unmistakable evidence of alteration. And 
this alteration may go on until the Avhole internal organisation of the rock, 
so far at least as we can penetrate into it, has been readjusted, though 
the external form may still remain such as hardly to indicate the change, 
or to suggest that any new name should be given to the recomposed rock. 
Among many igmums roeks, iKirticularly the more basic kinds (diabases, 
basalts, andesites, diorites, olivine rocks, Ac ), alteration of this nature 
may be studied in all stages,' 

But mere alteration by <lecay is not what geologists denote by meta- 
morphism. The term has been, indeed, much too loosely employed j but 
it is now generally used to express a change in the mineralogical or 
chemical composition and in the internal structure of rocks, produced at 
some depth from the surface, either locally, by intruded masses of highly 
heated material, or regionally, through the operation of mechanical move- 
ments, combined with the influence of heat and heated water or vapour. 

Motamorphism may consist in, Ist, change of aspect or lextur^ includ> 
ing induration and other minor phenomena (“contact metamorphism”) ; or 
* Anfe^ p. 463, under “Weathering.” 
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2nd, change of form, including all parunioiij)hic transfornialions, 8uch iis 
the conversion of a pyroxenic into a honibiendic rock, and the alteration 
of a clastic into a crystalline mass by the crystallization of its original 
constituents; or 3r(l, change of substance, where a chemical (mctachcniic) 
change has been superinduced either by the abstraction or addition of one 
or more ingredients, as in the remarkable contact zone's rountl <*crtain 
intrusive bosses. It is ob\ious, however, that each «)f thc-^e three forms 
of mctamorphisni may be included in the changes which ha\e hecn super- 
induced upon a given mass of rock.* 

The conditions that appear to be mainly coneeinctl in metainorjihisin 
have been already stated (p. It may be atl<le*l here that the!>.e 

conditions may in diirerem cases lx* .supplied . 1st, by the action of lie.iieil 
subterranean w'ater carrying carbonic a<‘id and inincial solutions, and often 
under great, pressure (pp 101, , -nd. by the ad ion of liot vajiours 

and gases (pp. 313); 3nl, by nn'clianieal pressnie eonibined with 
heat, but without internal movement oi- defoi ni.ilion, such pressure and 
heat at great depths in the teiie-tiial enisl being 4>in*i inoiis ; tth, by 
mechanical movements, paitienlarly those wliieh ha\e le^nlfed in the 
crushing and shearing of rocks, ami which at gieat <]eptlis must, be all 
the more eUeetiNc from the va.d pleasure and high lenipejutiire (pp. -lOd, 
411); 5th, by the intrusion ot Incited enipti\o roek>. sonu'times containing 
a large proportion of absorbed w.atei, \.ipouis, <»r uases (pp. to7, 113), 
Gth, occasionally and \eiy locally bv the comliii'-tion (»t beds ot I'ital. 
Much M’ill obviou.sly depend on the lelaimns of tempi-rat me and ]»resMire 
under which the roek'> aie acted on. Mr. llarKei h.a-s indicated fmir 
Aariations of th«*se reluti<ms, which may in dilleicnt plai t"' have exist imI : 
(1) luw' tempei’atnre and It»w pressure ^ Hydio-metamorphisiii) : (Lehigh 
temperature and low pre.S''iue (4 hei mo nitUamoiphisin) ; (3) low' tcmpci- 
ature and high pressure (Ihmamo-inet.imoiphisni) . (t) high temp<‘ral nro 
and high pre.^sure (I’lutono nn'tainoi phi>m i.* 

The term “ meiamorphidii, ‘ a> oiiginally (»roposi‘tl )>y lyell, w'a.s 

‘ Miiiiy h;oc 1 h-ii il.-vjM.l lu . '|,r. SN li,<> iiKi.t'tii o| m. For 

UlStalla^ noto'^um.'h. , ■mfln,,' fh.,/. . ui.,1 „„ f'O a).).lln| to 

dn.'inio.'il iiK-rtmuri-hom o. alUi.iti-ii ol . ..ii^nmnuit ir okv ; 

chaiigL-s ol a laramorpliic nature , .1.10.0,,- m,. h O u,-loi iioUini.. tlu- .oiivn 

sionot iiiuihnto.unasMif ii.i.-.., .pi.irt/. .not otl.., . /..o.,-, -/m- O oo/ MM'1.i,..o,|.l„..m. 

Imvin- tlif e.\tfn.al diuduio (nioiplo.lo'r) ) .a, ali.-ir .in .imorpl.oirs lomliOon 

becoim-s scliivto^o ; lo Ooo/. Ii.imhk tm- inOrn.il drn. tnro Oiistolony) wlmlh 

change.!, with or without a maci.. 'trmO't.il ..lo i-tti-ui . "K Inun;- i,m« or iiioii* 

of the coniiionriit iium-ralM Iniiigcl. with o, wiihout ai, nlti-oiOoi, of the . I.i-an. al os. 
t ion of the rock as a whole, .-see K,n4 .*:el K-.wie \. “An ohi (’hapt.r ol the (a-ologiful 
Kecord,” 1S81 ; Dana, Amn. .M. >\xii I'- fiJ*. Donnej, V/o,//. Juvrn. 

UM. .ic. (ISsIi). A.ldress, aO ./ o.y. li, H. Williams, /;»'//. r..v. Uv„l, ,<„rr. A'... C2 
(1890), p. 13. Various lernis h.i\c liktwL'i- Umoi j,r'»|.ns«d for in. lauioriihism Irorii the 
point of view of its .aU't*. as Jh'-ifffftini ([^o^sen), Mu hnutittl tridmuor 

phisui (Heim and IkiUzer), Fri‘t<o,i.,nrOn„i;ph,uH (Oosselet), utrfuinurpht^ui 

(llos«-iibuM:h), Ikapin.fvp r;,do,/e//-;./ri>//, M. <iumbel and ('redueri, l*r*Jthine 

iweti>utnr^ns,a (Bonne}), and tho,e b} Ilarker, nuote.! in the next i.ajaj-r.ijih. 

2 (kd. Mif'j. 18»9, p. 16. 
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applied to rocks having a 'schistose or foliated structure which were 
regarded as altered sediment!.. For many years afterwards it continued 
to be used in the same sense, and not until comparatively recently did 
geologists recognise that rocks originally of eruptive origin, but interposed 
among sedimentary strata, were necessarily affected by the changes which 
the latter underwent in the processes of metamorphism. It is now well 
established that igneous rocks no less than aqueous have been meta- 
morphosed, and, as Lossen pointed out, they furnish in some respects even 
a better starting-point from which to attack the problem of metamorphism, 
inasmuch as their original definite mineral aggregation, chemical com- 
position and structure furnish a scale by which the subsequent mutations 
of the rocks may be traced and measured.^ 

It must obviously be often difficult, not infrequently impossible, to 
determine to what particular combination of conditions the metamorphism 
of a group of rocks is to be assigned, whether mere pressure, or pressure 
combined with crushing and deformation, or with a high temperature, or all 
of these with the co-operation of water and mineralising agents, have been 
concerned in the change. For convenience of description some kind of 
classification of the phenomena is required. Accordingly geologists have 
long beeti in the habit of recognising among the alterations which can 
properly bo considered meUimorphic two bnnul tyixjs. 1st, t^ntact- 
Metamorphism, where the rocks have been altered by contact with or 
proximity to some body of eruptive material, and 2nd, Regional Meta- 
morphism, whore the alteration cannot bo ascribed to any such local 
cause as the invasion of an intrusive rock, but is so widespread that it 
must be due to a more general origin, such as conditions of pressure, 
temperature, mechanical movement, presence of water and mineralising 
agents affecting extensive tracts of the earth’s crust. This arrangement, 
though convenient, cannot always be satisfactorily made, for although in 
regional metamoiq)hiam a maximum of change is often reached w^hich is 
hardly equalled in contact-metamorphism, cases are met with where the 
phenomena of the two types cannot be satisfactorily discriminated. 
Nevertheless the commonly accepted subdivision is so generally useful 
that it may well be retained until our knowledge of metaiiiorphism has 
become more precise and profound than it is at present. 

^ 1. Contact-Metamorphism, 

In this kind of alteration two fundamental conditions have to be 
considered: Ist, the nature, imiss, temperature, and composition of the 
eruptive rock; and 2nd, the composition and structure of the rocks 
through which the intrusive material has been injected, and the presence 
or abMnce of interstitial water in them. (1) With regard to the first of 
these conditions, it is obvious that a large intrusion will produce more 
alteration than a small intrusion of the same rock. The areola of meta- 

1 Jukrd. Pmiss, (itol. I4andtsa-nat, 1884, p. 620. See also, for an early sti^y of the 
influence of oontact-metamorpbisni on augitic igneons rocks, Allport, J. 0. S» xuii. 
(1876), p. 418. 
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morphism round a great boss of granite or oi diorite will l>e bn^ader and 
the metamorphism itself more intense than*that round a mere vein or 
dyke. The constitution of the intrusive rock has been an important 
factor in the metamorphism. Thus great tlirterences are observable 
between the nature and amount of this alteration protluced by tlie more 
basic and the more acid volcanic rocks. I'he former, such as basalt, 
possess such extreme fluidity as to be able to penetrate into the cracks 
of other rocks and catch up fragments of tliem, which they indurate or 
even fuse, but without inducing much chemical change. It would appear 
that more dry heat produces only a small amount of ehemical alteration. 
The more acid volcanic rocks, on the other hand, such as trachyte, 
phonolite and rhyolite are viscous or pasty, do not urap roniul so closely 
the rocks which they in\ade, and scld<*m melt them, thmigh possessing 
a temperature considerably higher than that of the b.i.><ic lavas. Hut 
owing probably to the vapours with whicli they .are charg(‘(l they induce 
various chemic;il transformations^ (iranite lias been believed not to 
furnish examples of the actual fusion of the sui rounding or encloscil rocks, 
though it may have absorbed more or less of them (see, howexer, p. 77(5), 
but it has long been recognisetl to be accompanied w itli a more (ompletc 
transformation of these rocks than any other tntrusixe material, and this 
' change may be traced to a distance of a mile or more from the line of 
contact. In this case also, as has been already slated, the presence of 
pncumatolitic agents — water, alkaline silicatc.s, chlorides and fluorides, 
with other vapours or solutions, ha.s been largely influential, combined, 
doubtless, with great pressure, high temperature, and a continuance of 
these conditions for vast periods of time. 

(2) With resjKJCt to the influence of the nature ami structtire of the 
altered rock upon the meUniorphi.sm, it is obxious that such different 
materials as shale, .sandstone, coal, ami limestone, will give very different 
results even if exposed to the .same amount and kind of metamorphic 
energy. The amount of water jire.sent in the |K>res of a rock will likewise 
largely influence the extent and nature <»f the alteration. A rock which, 
if perfectly dry, might undergo little or m» change, xvhen heated would bo 
subjected to chemical reactions and mineral re-arningements by the 
operation of interstitial water. .Much must dcjKoid, t<K), upon the relation 
between the position of the intrusive mass and the stratificyition of the 
rocks affected. As stated on p. 04, heat is conducted four times faster 
along the planes of stratification than across tlicin, so that an intruded 
sheet or sill should, other things being c({ual, pr<KJucc. less alteration than 
a boss which breaks across the bedding. Jt will be readily understood, 
also, that detached portions of a rock which have been caught up and 
entirely enclosed within an intrusive mass will show usually a more 
highly altered condition than the peripheral parts of the rock, which 
have merely presented one side to the invading material,^ 

' ProfessofT Lacroix, AMci. Set. Paru, vxxi. (]8P4). 

* Profeaaor Lacroix, in the memoir above cited, haa made a particular study of the 
metamorplAun of fragments enclosed in volcanic nx ks. On the physical of 

oontact<metaaorphism, see J. Barrell, Atmt. Journ. .Sci, xiti. (1902X p. 279. 
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The following examples the nature of the metamorphism of contact 
arc arranged in progressive (wder of intensity, beginning with the feeblest 
change, and ending with results that are quite comparalde with the great 
changes involved in regional metamoiphism. 

Bleaching is well seen at the surface, where heated volcanic vapours 
rise through tuffs or lavas and convert them into white clays (p'. 313). 
llocoloration, liowevei', has proceeded also, underneath, along the .sides of 
dykes. Thus in A nan, a zoiu; of ^lecoloration langing from 5 or 6 to 
’J') or 30 feet in wiritli, runs in the red .sandstone along each side of 
many of the abundant basalt-dykes. This removal of the colouring 
perovide may been etfecte<l liy the prolonged escape of hot vapours 
from the cooling lava of the dyk»*s. Had it been due merely to the 
redueing effect of nrgariie matter in the meteoric water filteiing down 
each side of tin; dyke, it ought to o«‘cur as frequently along joints in 
which tliero has been no ascent of igneous matter. 

Coloration, dfoek-', partieularly .shah‘ ami .sandstone, in contact with 
intiU'.ive sheets, an* siJimuimes so reddened as to resemble the burnt 
shale fi'um an ironwork. Kverv' ca.se i)t reddening along a line of junction 
between an eruptive and ?ion eiupti\e Toek must not, how(‘ver, be set down 
without evaminatiori as an efl'ect of the mere heat of the injected mass, 
for .sometimes the colouring may be due to sub.secjiient oxidation of iron 
in one or both of the rocks by watei percolating along the lines of 
contact. 

Disaggregation. — It is occasionally oljservahle that rocks originally 
coherent and tough ha\e become friable by contact with eruptive material, 
ns in the ea.so of gneiss and granite in Auvergne, when in contact with 
the voleanie rocks. 

Induration.— Most frequently the revei.se of disintegration has been 
prtKlncod, for the rocks along the conUict with an intrusive ma.ss have 
eommonly been hardened. Sandstone, for example, is converted into a 
compact rock which breaks with the lustroiw fracture of (juartzite. 
Argillaceous strata arc altered into flinty slate, Lydian-stone, jasper, or 
poreellanito. This change may .sometimes he prodnceil l)y mere dry heat, 
as wlien clay is linked, lint it may also arise from the action of heated 
M'ater, as is .shown wheic the percentag(* of .silica has been increased by 
tlic <leposit of a siliceous cement in the interstices of the .stone, or by 
the replacement of some of the mineral suhstanees by silica. Such 
eliange.s are spi'cially observable round ernpti\o masses of granite and 
dialiase.^ 

Expulsion of Water, — One effect of the intrusion of molten matter 
among the ordinary cool i-ocks of the earth’vS crust has doubtless often 
been temporarily to expel their intei-stitial water. The heat may even 
have been occasionally suflicient to drive off water of crystallization or of 
chemical combination. Mr. Sorbv mentioius that it has been able to 

’ Kiijser, oil t outrti-t iiH*tamorplii.si« luouutl tho tti.it»nse of the Ilnrz, Z. iK f». U. xxii. 
lOlt, where ^how’lug the luvih jierceutage of .silica are gi\eii. Hawes, Amer. Jotini. 

■Sci. Jaminry ISSl. ’I'lie pheuotueiia of luetaiuorphism round granite are furtliA: described 
below, p, 778 stq. 
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dispel the wat^r present in t!ie minute Huiif tavities of quartz in a stind* 
stone invaded hy diaiaise.^ 

Prismatic Structure. — Contact with eruptive rocks has frequently 
produced a prismatic structure in the contiguous imisses. Conspicuous 



'•.iti'lsl'iii* ( > •■ ) i> ii<l< n <1 ]>i i.ii .it i( li\ • ill' t 



illustrations of this change aic displayed in sandston(‘s through which 
<lykes have risen (Tig. .'i.PJ). Indepmulcntly of the lines of stratification, 
polygonal prisms, .six inches or moic in diameter, atid several feet in 
length, starting from the ^ 

face of the <lyke, ha\ e l»een 
developed in the sandstone. - 

SiiliK’ 111 tin' nidsl Jtf'l [(•< t rx- 
Hin])li'H (if hupciindui t'<l |■ll><I{ls 
iiiiiy oci a<iUiii!iliy he in 

sfains (if CO, 'll winch. Iioin otFciing 
least resistaiKM! in a group ol 
.Sti.lta, h.i\c been liMae cspcci.iily 
apt to hit iii\a<lcil liv intiusivi* 
igneous io<k>. In llic Scottish 
oottl-lieM.s, .sheets of has’ilt have 
been forced along the .surfacein of 
coal -.seu III. s, and e\tn along then 
centre. The coal in tlie}.c case.sis Ajr^hiri-. 
sometinieH beautifully columnar, its slendci In xngon.il and pcntagouHl prisms, like rowa 
of stout p«mcils, di\crging from the suiface ol the intrusive .sill'* (^ig. .*110). The 
liasalt, oil till* oili^-r liand, has heen (hanged mto .1 kiinl of da}’ (juistni, p. 77.0 ). 

• V’ 1-‘'S0. Ant>-\ p. 7;{.'o 

‘ Sandstone altered ti\ lj.nsaif, n»eJapJi}re. or aJIieil k, Wildeiibtciii, near Budingen, 
I’pIK'f Hesse; S< hoherle, near Kriehitz, Boheiina . .fohiisdorl, near ZiUaii, Saxony (the 
Quader- sandstone of (;oris( hstein, m S.ixon Switzerland, is l>eautifully (oluiiiUHr; W. 
Keeping, 0>w/. Mmj. 1S79, p. 437); Bishophnggs, near (Glasgow (Kig. 3.39). 

•’ Coal and lignite, with their accompanying dav.s, altere<l hy hasalt. (imtiaw, inelapliyre, 
&e., Ayrs^re, Scotland (Tig 340); St. Saturniu, Amergne ; Meissner, Hesse Cassel 
Ettingshausen, Vogel sge blrge ; Sulzhadi, Upper Palatinate of Havana. Kuufkirchen, 
Hungary: by trachyte, Coinineutary, Ueiitral France ; hy phonohte, Northern Bavaria, 
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Other examples of the produclloii of this struct lire have been described in dolomite 
altered by quartz -porphyry (Carflpiglia, Tusca uy) ; fresh -water limestone altered by 
basalt (Gergovia, Auvergne); basiilt-tuff and granite altered by basalt^ (Mt. Saint- 
Michel, Le Puy). 

Calcination, Melting, Cokingr.-— By the great heat of erupted masses, 
more especially of basalt and its allies, rocks have been calcined and 
partially or completely melted. In some, the matrix or some of the 
component minerals hav'e been melted ; in others the whole rock has 
l>een fused. Among granite fragments ejected with the slags of old 
volcanic vimts in Auvergne, .some present no trace of alteration, others 
are hiirnt as if they ijud been in a furnace, or ar*e partially melted so as 
to Ior)k like slags, their component minerals, however, remaining distinct. 
In the Kifel volcanic region, the fragments of mica-schist and gneiss 
ejected with tlie volcanic detritus have sometimes a crust or glaze of 
glass. Sandstones, though most frequently baked into a compact 
qnartzit(5, are .sometimes changed into an enamel-like mass in which, 
when the rock coi^tains an argillaceous or calcar-eoiis matrix with 
dispersed quartz-grains, the infusible quartz may bo recognised. 

Ill Ho.shc unil Thunngerwuld, Zirk«‘l has described sandstones altered by contact 
witli basalt, wliorc tlio quart/, -giai ns arc enveloped in a viticous matrix, in which 
nimndant iniiiroH'opic iniciolitcs occur, and present in their arrangement evidence of a 
tluxioii •structure. This gUssy constituent probably icprcsents the argillaceous and 
other rnatciials in wtiieh the qiiaiU-graiiis wcie originally imbedded, and which has 
been fused and made to Mow by the heat of the basalt.^ According to Bunsen’s observa- 
tions, volcanic tull' and phonolito have sometimes been molted on the sides of the 
dolerite dykes wliicli traverse thorn, so .as to present the aspect of pitchstonc or 
obsidian.'* Coiiijilcte fusion, (luvion-stiucturc, and microscopic crystallites, resembling 
those of true igneous rocks, may’ thus be produced in sedimentaiy rocks by coutuct- 
metiiniorplii.sni. 

The ctlects of eruptive materials upon carbonaceous beds, and 
particularly upon coal seams, are among the most conspicuous examples 
of this kind of alteration. The effects vary considerably, according to 
the bulk and nature of the eruptive sheet, the thickness, composition, 
and structure of the coal-seam, and probably other causes. In some 
cases, the coal has been iimdo prismatic, as above described. More often 
it has been fused and has acipiircd a blistered or vesicular texture, the 
gas cavities l>eing either empty or filled with some infiltrated mineral, 
especially calcite (east of Fife). The most frequent change is the conver- 

* Naumaini, ‘Geogno.Mc,’ i. ]i. 737. 

^ It is worthy of observation that changes of the kind here referred to occur most 
commonly with basalt-rocks, melaphyres, and diabases. Trachyte has been a less frequent 
agent of alteration, though some remarkable examples of i^s intlaeuce have been noted. 
Poulett Scrope {Ofci. Tram. 2tid ser. ii.) describes the alteration of a trachyte conglomerate 
by trachyte Into a vitreous mass. Quartz-porphyry aud diorite occasionally present examples 
of calcination, or more or less complete fusion. But with the granitic aud syenitio rocks 
changes of this kind have never been observed. Naumann, ‘Geognosie,’ i. p. 744. 

* K. Jnhi'b. 187*2, p. 7. For other examples see Mohl, VtrhandL Qeol, ReichmxmL 
171, p. 259 ; Hussak, Tachennak'a Min. Mittheil. 1883, p. 630. 

* rsunlly the vitreous band at the maigin of a basalt dyke belongs to the intruded rock 
and not to that through which it has risen (anfr, pp. 236, 735, 745, 
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sion of tke coal into a hard and brittle kind o/anthracite or blind coal,’* 
owing to the loss of its more volatile |H>rtioii8 (west of Fife). This 
change may be observed in a coal-seam 6 or 8 feet thick, even at a 
distance of 50 yards from a large dyke. Traced nearer to the (‘nn>tivt* 
mass, the coal pa.sses into a kind of pyritous cinder, scarcely halt tlie 
original thickness of the scam. At the actual contiict with tlie dyke, it 
becomes by tlegrees a kind of ciiked soot, not more perhaps than a few 
inches thick (South Staffordshire, Ayrshire), ('oal has sometimes oven 
l>een turned into graphite (New (’umnork, Ayrshire).* 

The basjilt of Meissner (Lower Ifesse) oveilies a thick .stratum of brown eoiil whieli 
shows an interesting series of alterations. Iniiiieiiiately under the igneous riM'k, a thin 
seam of impure earthy roal (“letten”; appears a.H if completely burnt. The next 
underlying stratum has been altered into nu-tallie lustred aiithrseite, passing downwards 
into various black glo.s.sy coal.s, iKueath which the brown coal is worthless. The depth 
to which tlie alteration extends is 5‘H melros.'^ Another example of alteration has 
been deacribed by tJ. vom Hath fiom Kiiiifkireheii in Hungary.'* A coal-seam bus 
there been invaded by a basic igneons rock peiha{M> diabase) now so de(‘om{)orcMi that its 
true lithological chaiactei cannot be satisfaetorily deteniiined (seep. 775) Here and 
there, the intrusive rtK'k lic.s coni onlantly with the .stratitication of the coa],|in otlier 
plaeei it sends out lingers, ramilies, abruptly ends olf, or oeeuis in detueJied nodular frag- 
inent.s in the coal. The latter, in contact with the intrusi\e material, is eonvertiHi into 
prismatic coke. The analysis of three s{H‘cimeiis «>f the eoal throws light on the natuie 
of the change. <Jne of these (A) shows the oidinaiy composition of the eoal at a 
distance from the inllueiice of the intnisive lock ; tlie M*eond ^11), taken iVorn a distance 
of about 0'3 metre (neaily 1 loot\ exhibita«a partial (•inversion into coke ; w'hije in tint 
third CC',, Ukeii from immediate coiiUict with the eruptive ma.ss, nearly all the volatile 
Iiydrocarboins have been expelled. 



Sulphur. 

('ukc. 

Hitunicn. 

A. |»er cent. 

2-074 

79-7 

20-3 

II. 9-73 

1-112 

87-8 

12-2 

C. 45-96 ,, 

0-151 

95-3 

4-7 


During the subterranean distillation arising from the destruction or alteration of coal 
and bituminous shales, while the gases evolved find their way to the surface, the liipiid 
products, oil the other hand, are ajit to collect in fis.snre3 and eavitie.s. In Central 
Scotland, where ‘the coal-fields have lieen so abundantly jiierced by igneuns masaes, 
petroleum and asphalturn are of frwpieut (Kcurience, soinetiinea in chinka and veins of 
sandstones ami other sedimentary strata, sometimes in the cavities of the igneous nx’ks 
themselves. In West Lothian, intrusive sheets, traversing a group of strata containing 
seams of coal and oil-shale, have a distinctly bituininous odour when freshly broken, and 
little globules of [petroleum may be •letected in their cavities. In the same district, the 
joints and fissures of a mas.sive sand.stnne are filled with solid brown aH[ihalt, which the 
quarrymen manufacture into candles. 

* For a recent account of this Cumnock example s(?e H. Ik»)toi), Trann. Urol. Sor. 
MaMhe$ter, xxiii. 11895). The coal has been made columnar and the colnnnis at their 
junetton with the basalt pass into graphite, which adheres to the intrusive rock. 

* Moeata, ‘Geologische Schilderung, Meissner uiid Hirschberge,’ Marburg, 1867. 

* O. vom Rath, X. Jahrb. 1880, p. 276. lii the above analyses the bitumen includes all 
volatile consti^ents driven off by heat, hencq coke and bitumen — 100. Another instance is 
described by Oiimbel from Mahruch-Ostrau, where coal is coked by an augite-]x>rph)ry, 
Verh. OeU. RtiehtaHtl. 18/4, p. 55. 
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Ppopylltisation. — KcfeAiice nuiv be made liere to the changes super- 
iri(lu« e(l in r«H'ks by the iiniuence of hot vapours and gases (solfatiiric 
actiofi, p. .’U.’i). Among these alterations, whereby the characters of 
the original piopylites of Western America have been induced, are the 
conversion of hornblende and biotite into green cldoritic pseudomorphs, 


and that of tluj felspars into cpidott*. 

Marmarosis. — The most frerpient alteratioii undergone* by limestone 
when invaded by an eruptive rock is its conversion into crystalline or 
saccliaroitl marble. This change may extend otdy an inch or two from 
th(‘ edge of a <lyke, but may stretch over hutidreds of yards where the 
ei uptive mass has been of larger size. As a rule it 
is more pronounced in connection with acid than 
with basic igneous roclos. A pure limestone will give 
rise only to cry.slalline calcite grains, but if, as so 
^ i, rnr (I h freijuently happens, admixtures of non -calcareous 
Ki>- :ui Djkvs ot imMiii ^^cdimetit arc present, they induce the develojnnent 
r<» « (O iiuM'ismmhaik of other minerals, such jus trernolite and garnet. 



(Ii 6), winch iicjii the 
(l>kcs IS ciiiucrtcd mto 
iiiarhl" (. (), Ihithlui 


Oiieot the earl ifst (leseiihe<l e\aniplc‘i of this change is tliat 
at K.ithlin Island, oil* the n«)rth coast of Ireland (Fig. dtl). 


InIiohI, Aiitiim, Two hasalt <lyke.H (20 and -‘'»5 leet thiek respectively) ascend 


there through <dialk, of winch a bund 20 feet thn k scjiarates 
them. lh)wn Uie middle of this eeiitial chalk haml runs a toiluoas dyke one loot 
tluek. 'the elialk hetweeii the dykes and for smne distance nu either side has heen 


alteied into a finely gianular marhie.' On 
the east siilo ot tlie gieat intiusive mass uf 
Fair Mead the chalk is likewise inariiiaiised. 
Another sni.illei hut uilerestiug illusti.ition 
of the same ehango oeeiii.s at ('amps Quair^ 
near Kdinhurgh. 'I’he dull grey Itiirdie House 
liluestoue ( Lower Carhouiteious), full of \al\es 
of hfH-rditui and plants, has there been iii- 
vaihsi by a basaltic dyke, whieli, .sending 
slender veins into the limestone, has ein losed 
fKutions of it. The limestone is found to 
have ae<[iiire(l the gianular eiwstalline ehai 
aeter of marhie, each little grannie of eahate 
having its own orientation of cleavage planes 
(Fig. 842). 



Production of New Minerals.-- 
Among the [dienomcmi of racttimor- 


ll«)use) (oinerled into urannlar marble 
hy Iwsiilt (h). Mai(iulied ‘JO diameters. 


pbism, whether conUict or regional, none is more conspicuous than 
the development of netv minerals in the rocks affected. \\'here the 


alteration has resulted in fusion, inicrolitcs or more definite crystals are 
found in the glasses, such minerals as pyroxene, hypersthene, cordierite, 
spinel, biotite, ilmenite, &c., being discernible with the microsco|)e. Where, 


on the other hand, the metamorphism has s])read further and may have 


* Conybeare, Tram. Gn^. iii. p. 210 and Pl.ate x. One of the mqst remarkable 
«.\aniple8 of marmarosis is the alteration of the (Triassic) limestone of Carrara into the well- 
known statuary marble (see jMatea, p. 804). 
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been due not merely to the high tern pemt are /»f the eruptive mass but to 
the vapours with which it was impregnated, a imieh more conspicuous 
development of new minerals is observable. The.si* minerals have usually 
an obvious genetic relatioji to the eompo-^ition of the rocks in which they 
are formed, but in many c.-i'^e^i they al.so bear Avitness io the intnMiuction 
of elcnnmts which were not originally present in tliese rocks. In 
argillaceous strat^i, such as clav-slatt'.s, as Mr. Hulching.s has point4*il out, 
one of the most unfailing and scn.sitno itulic;ilions of commencing 
metiunorphism is the pr()gres.si\e decrease in number arid inereas(‘ in size 
of the little rutile ne»‘illes p. 171). Ne\t in degree of sensibility is 

probably the developnient of luifiute srale‘> of biotite. Quartz and felspar 
have often c»ystalli/(‘<l together and in tlndr apjiearance aie intnuately 
connected. More ad\ aliped stages of alteiation an* maiked by the presence 
of what have been eallcd preeminently “ <onta(t minerals, ' partienlarly 
oor<lierite, andalusite, kAaiut<‘ an<l sillim.itiite. Henec; a certain general 
tudci’ of succession in the development of tin* minerals may be traectl 
across a l»road areola of oontaet metamorplii'«ni On the outer margin of 
the ring, the internal re arrangements ainl mineralogieal n* comhinationa 
show thomsclve.s in many argillaeeou.s nuks by the app<*aranee of .small 
knots or (*oneretions A\ Inch ate replaced further inward by recognisable 
silicates, such as stanrolite. then by kyanile, follow(*(l j)erlia|>s further in 
by silliinamte, while tow.anls the eenlre the <lark mi<a wliich apjioara 
even in the out<*r j)atts of the ring attains a marked prominence, ofUm 
accompanied with gaineN and other tiew minerals,^ A foAV examjdes 
may he cited hete, but the subject will he more fully illustrated further 
on in coiiiiecfion with the production of foliation. 

A .simple init uit<'n'.sting of tins kind »»l « ont«ct-mi‘tainorpliism was dcacrilH’d 

many years ii;;o liy Ib-iislow, from lo-ar I’las N'*-\vyild. Aniflfsoa. A hasalt dyke, l.'it feet 
in bicailtli, lln-ii* lra\erscs siiala <»f shall- an<l ai^'illaor-ons him-slonc, wlin li arc altered 
ton distaneo ot a.‘) f«M t fonn the intni'»ive loik, tin- limes|<iiie heeorning xianiilar and 
rrystallin*', and the shale being hardmed, hen- and tln?n’ )*c»rc«dlani/ed, while its shells 
(I'rad.HCti, Ac.\ though marly tihliterated, aie still tracouhle by tli<ir impip.s.sn)n.s. In 
the alien'd fo.^sili/iToiis shah- numeious ciystals (»f analemn! and garnet have liceii 
dcvelojred, the iattei \nhling as nnirh as *J0 jM-r rent of linie.'' Siniihir phenomena 
were olweived hy Sedgwnk along the e«lges of intruded Whin Sill fp. 7.M:i) among the 
Carhoniferon.s Limestones and shales »>! High IVi-sdale.-' .\Lire recently the intere.sting 
contact-phenomena of tliia icgion ha\e been .studied in detail hy Mr. W. M. Iliitcliings, 
who ha.s found that htlow the sheet of ignemiM roi k, which is 100 feet thi*k, nn'ta 
tnorpliism is di.stiiictly appreeialde through the liii:estone.s and shales down to the 
ha-semciit conglomerate, a veitical ilihUin e of nioie than SO feet. The purer limestone 
has Ireon converte<l into marble, (juite like what might be due to the in/luence of granite. 
Argillaceous liniCHtone ha.s lik<'W’ise Iwen reiideied completely cryntalline, and amidst its 
rc-crystallized caleite other ntiiierals have l)e**ii developed, e.s]s;<dally idocrase, garnet 
.and augit«, the last two here and theie growing out from the edge of tin- .sill like; the 
teeth of a saw. 'riicie occur also jiale horiihlende in slender needles, epidol**, sjihem; 
and a good deal of re-crystallized quartz. The intcrcalatcrl sandMtonft.s havo Ijecn 

‘ <T. Barrow, Q. J. G. S. xliv. p. 330. For a proposerl nonierrclature of tliOM* rocks in 
Micces»ivezojesofcontact-riict,'iinorphi.sni,8ee W..Salotrimi, ( 'ongnu <JM. Intfrnnt. Pans. 1900. 

® (Mrtihruigf. Phil. Trans, i. p, 402. 

* Op. cit. ii p. 175. 
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changed into quartzite. The ^ales are inarke<l by the production of new mica, with 
chlorite, (|uartz and 8ometime8*felspar, as well as biotite, andalusite, anthopyllite, Ac. 
The calcareous shales display the most extreme alteration in the whole section of strata ; 
they linve sometimes boon converted into a brown compact horn fels- like rock, full of 
garnets, and containing also idocrose, spinel (enclosed in the garnet and idocrase), the 
general ground mass forming a calcareous adinolc. The limestone even at a distance of 
60 feet from the contact has been completely re-crystallized, while small aiigite crystals 
have been ilevelopcd at a distiunje of JO feet.* 

At Uongstock on the Kiln* in llohemia certain >Senunian marls have Imtii invaded by 
a mass «>f ilolerite or gabbro, j»robably of Tertiary age. At a distance of 800 metres 
from the contact the strata begin to get harder in texture and ilarkcr in colour ; at SOO 
metres their foraminifera l>ccome hardly discernible, and at 400 metres arc no longer 
traceable, their jilaces being taken by calcite. At 200 metres the marls regain their 
ligh ter colour and begin to show little nests of epidote. Thi.s mineral gradually attains 
a greater dcvelofimcnt as the iiitriisivo mass is approached, forming groups of parallel 
needles until immediately at the contact the marl is found to have been converted into 
a greyish white banded rock, formed of folia of epidote, garnet, and quartz, while the 
interstratified layers of sandstone have been indurated to the com|)actncs8 of quart/ite.® 

Among localities where the development of new minerals in j>roximity to eruptive 
rock has taken place on the most extensive scale, none have been more frequently or 
carefully desenhed Ilian some iii the group of mountiiius lying to the cast and south-east 
of Botzen, in the Tyrol (Monzoiii, I‘reda/zo), Limestones of I.ower Tiiassic (or Permian) 
age have there been iiivaiied by mas.ses of mon/.onile, granite, mclaphyre, diabase, and 
ortlioclasc porphyry. They have hei'ome coarsely-erystalline marble, ])ortions of them 
being completely envelopeil in the eiufdivo ro<-k. But their most remarkable feature is 
that in them, ami in the eruptive rock in contact with them, many minerals, often 
beautifully m ystallizcd, have been developed, including garnet, idocrase, gehlenite, 
fas-saitc, pistacite, spinel, anorthite, mica, magnetic iron, luematite, apatite, and ser- 
IMJiitine. Some of these minerals occur cliietly or only in the eruptive masses, others 
more frequently in the limestone, whii’h is marked by a lime-silicate hornstone zone 
along the junction. But tlie.se are all products of contact of the two kinds of rock. 
Layers of carbonates (ealcito, also w'lth bnicito) alternate with laininie and streaks of 
various 8ilicate.s, in a manner strikingly simibir to the anaiigeineiit found in limestones 
among areas of regional metamorphism, where no visible intrusive rock has influenced 
the phenomena.* 

Alteration of the Intrusive Rock.—Whilc the igneous masses have 
produced more or less meUimorjihism iu the rocks with w^hich they have 
come into contact, they have not infrequently themselves undergone 
considerable simultaneous modifications both of composition and structure. 
Perhajis the most conspicuous illustrations of this reaction are supplied 
where basic intrusions have force<l their way among iiighly carbonaceous 

' W. M. Hulchings, 1898, ]»p. 69. 123. 

- Professor Hibsch, Ver/uiiuU. K. K. Heol. fieich»in.sL Vienna, 1889, No. 11, p. 204; 
Backstnun, FUretu iSfockh/timt xiii. (*1891), p. 578. 

* On the Monzoni region, see Doelter, Jahrb. Otol. ReirhmnsltUt, 1875, p. 207, 
where a bibliography of the locjility up to the date of publication will l>e found. Other 
papers have since appeared, of which the following dealing with the phenomena of contact* 
metamorphism may be mentioned. G. vom Rath, Z. D. G. </. 1875jrp. 343; 'DerHon* 
xoni iu siidostlichen Tirol,’ Bonn, 1875 ; Lemberg, Z. D. G. G. 1877, p. 457. 0. v. Hiiber, 

Z. D, G. O. li. (1899), p. 89 ; and the memoir of Brogger on the succession the eruptive 
rocks of Predazzo, being Part ii. of his work on the eniptive rocks of the Cliriatiania district, 
cited anfs, p. 217. 
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strata. A compact crystalline black heavy b^lt or diabase, when it sends 
sheets and veins into a coal or bituminous sBale, Ixscomes yellow or white, 
earthy, and friable, loses weight, ceases to have any apparent crystalline 
texture, and, in short, passes ifito what would at first unhesitatingly be 
pronounced to Ikj mere clay. It is only when the distinctly intrusive 
character of this substance is recogniswl in the veins and fingers which it 
sends out, and in its own irregular course in the altered coal, that its 
true nature is made evident. Microscopical examination shows that this 
“ white-rock ” or “ white-trap ” is merely an altered form of some diaUasic 
or basaltic rock, wherein the fclsjmr crystals, though much decayed, can 
yet be traced, the augite, olivine, and magnetite being more or less 
completely changed into a mere pidverulcnt earthy substance. Traces of 
the gla.ssy selvage of contact may still sometimes be detected in these 
altered rocks. 

Kxainplefl of this altoiation of the intruMvo rook have been above referred to. They 
may be frequently observed irj Central Scottand, where tlio roal-scama in the iMl-fielde 
have lM*en destroyed by lujected abeets of basalt, and where, along the ahoiea of the 
Firth of F<»rth, as well as in %\ater eourees and qiianiea, iiiiinnierahle instances occur 
of the invasion of black shales by similar triaterial with the consequent production of 
"white-trap." The followiii;' chemical analyses show that Iwisii! rocks which have 
undergone this kind of alteration have Wen converted into kaolin and (»rbonates. 
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I. From the South Staffordshire coal-field. Analysed by Henry, Mem. fJeol. Sum., 

"South Staffordshire," p. 118. An account of "white-trap” by Jukes is given 
in this memoir. 

II. From Kew halls, South t^uoensferry, Unlilligowshire. Analysed by E. Stwdier, 
Tsehermak'it MUthfAl. i. (1887), p. 190; Pn>r. Hoy Sor. Jitlin. 1888. These 
])apers contain the result of Dr. Stecher's investigation of a <‘olJectioii of 
specimens wliich I sent to him in illustration of tlic ])henomena of contact- 
metamorphism in the liasin of tJie Fiith of Forth. 

In studying the microscople structure of the rocks which have been altered in tliis 
way, Dr. Stecher baa shown that along the edges of contact with the aaiiditones or 
shales, the diaWses present a great abundance of well-defined crystals of olivine, that 
as the rock is examined progressively further from the foiita» t, these crystals bcfonio 
more or less corroderl, while in the centre of the sheet they so entirely disapjK ar that 
the rock appears as a diabase without olivine. He found that the inteiior ]«rts of the 
mass are more acid than the exterior parts, and he attributed thfs diffeumce to the 
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iiiforpomtion of hilica from rockfc (s^amistoiics, &c.) broken throngli by tlie diabase. 
The outer olivine-bearing selvage lo rcganled us representing the original composition 
-f the roek at the time of its extinsioti, ami be thought that the assimilation of acid 
material by the. central still thud and slowly cooling portion led to the corrosion and rc- 
soJutjon ofthe olivine which at the time ot cvtrusion, as proved by the niargimil selvage, 
was aJreaiiv j»‘ifcrtly ciyst.illt/t'd out In some of the rooks he found a surplus of silira 
ivhi' h had c;ystalli/ed as (piatt/. Kei-ognising that the tiist portion to take definite 
crystalline foini woiihl b« moie buMc than the still Injiiid portions, he yet concluded 
that this will not account fi*r the obsm ved facts, which in his opinion point to an actual 
add, 'lion f silica.* 

Ihisic rocks have exerted ;i caustic inHuonce more e.speeially upon the 
fragn.iMits (xenolitlis) of other rocks which they have caught up and 
involved, iiy this action they have incorporated some foreign material 
into their suhstanee so as to modify their ehcrnical constitution and to 
leave unused ordy a few refiactory minerals like zircon, sapjihire, and 
others. It has been supposed that no such action occurs among acid 
rocks.- It i.s true that in what may hi* regarded as plutonic or deep- 
seated ma.s.ses of these rocks caustic absorption of this kind appears to be 
absent. Hut instances have been multiplying in late years of large 
intrusive masses of acid material \\bicb, probably connected witli \olcanic 
protrusions, and lljcrcfore exercising their iidlnence nearer the surface 
and under dimiidslied jire.s.sure, have umpiestionalily dissolved more or 
less of the rocks tlirough which they have risen. Their caustic action 
has been most marked when lironglit to hear iijioii tuaterials com- 
paratively ha.sie in ciunposition, as where granopliyre has penetrated ami 
incorporated gahhro. 

Tho iiihtruotivi* oxttinplo of this action dcMciibed m lS9t by IVofcNsor Sollas from 
Burnavavo near Carlmglonl, in the noitb-(M.st of IrelamI, sbownl that a Teitiary gabbio 
already .solid and travcrscil by joints ;md ciack*. was invadctl bygr.initii (01 graiiopb) ric) 
nniterial, which must have been in a stale of gieat fluithty so as to bi* mjected into the 
minutest crevices of the older rock e‘'>iup.uc Fig. HI.’}’. Tins acul matenal has absorbed 
so much of the gabhio as to present distun t dilVciencos of mim-ialogn al and chemical 
Com]K)8ition, aci’orduig to the amount and conslilution of the jioitions thus asMinilated. 
Professor Sollas believes that at least fom vanctics of the :u id lock owe tlicir ebaiacters 
to this cause biolitc-graiiophyie. luotite-aniphibolc-gianoph) ic, atigitc-gianopbyie, and 
diallage-umphibolo-augitc-gi.iiiopliyre.' 

Another in.stancc is supplied by tlm gianopb\ic of Caiiock Fell, already noticed 
(p. 710). Mr. Harker lias .show n that the aiigito lia^ been wholly dissolved out of the 
portion of the gabbro at the junction and incorporated in the acid rock, and that the 
felspar has also in great part been dissolvcil, ibough sonic of the laigc cryst^ds of plagio- 
claae in the iiiodificil graimphyio may belong to the gabbro, while the iron-oies and 
afiatite remain with little or no change.^ 

A third illustration has been biought to light by Mr. Ilaikcr fioin the Tertiary 
volcanic series of Skye, where a granopliyre has invaded a gabbro and has absorbed so 
much of the bn.sic material as to constitute fully oiie-fourtb of its own bulk.’’ 

* See his papers, cited alwve. 

^ Zirkel remark.s, for instance, that it is not met with nuioiig tlie Iragmeiits enclosed iu 
granites and syeiiitea, “ I,ehi‘biich der Petrographic,’* i. (1893), p. 593. 

* Tnrns. Roy. Irish Aratf. \\\. Part \ii. (1894), p. 477. 

* Q. J. O. ^ li. p. 136. 

» Op, cit. Uu (1896), p. 3-JO. 
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Production of Foliation. — The most (‘.\/renio form of cimiHct ineUi* 
morphism has ))eeii ivserveii for the last part of this sect ion. In thiswise.* 
not only have in‘w minerals heeii ileveh»peil, Imt the whole texture, 
structure, and eomjxjsition of the altered i*oi k liavi* he'en ehari^^ed, and 
this transformation has sometimes been aetuimpajiied hy siieh a complete 
transfusion or inlerlilendiui; «if the eruptetl and the metamorphosed loelv 
that no sharp line ran he drawn to delino their ie<peeri\e limits Iiefri- 
ence lias alicaily hei'ii made to 'sonn- of the aspects of this eouimiii,t;lin^ 
in eonneetion wiili the rc'Iation of rcrtain iritiiisi\e nias<,-s of /T,-.niitt‘. 
We have now to consider it rather as it has affected the rocks into which 
the granite lias been intruded, 'I'he < hief feature of this iutiMiscst typ»‘of 
contact-nietaiiiorpliism is tin* piodueiion of a foliated struelute. wldcli in 
ilitferent cases niay he ol>ser\ed in e\eiy .stage of de\ (‘lopment, from tint 
incipient micaceous (iliiis of a elay-slate or phyllite up to the thoioughly 
ci'ystallim* condition ot a schist or gneiss, 'fliis siiuctuie is leeognisahle 
whether the line of sejiaration hetw<*en the erii(»li\e roi'k ainl its sui round 
ings is disliiiet. or is lost in that hf fun /// .'ilfeinat ion which has ali’cady 
hccii desci'ihcri (p 72.'^). In its feehler <le\i‘h»pinent it can he s<*en to lia\e 
followed tin* pie existing di\isional planes of the nM'ks nllecti'd hy it. In 
.some eases these planes havi* heen tliose of lieddmg, in olh<*rs tliev ha\e 
Imm'Ii those of ele.ixage, when the latter had heeoine tin* most ])i‘oriouin’ed. 
Hut in the evtieiin* stag<*H it is sometimes ditlieult or impossible to decide* 
xvln'tln*!' the planes of foliation r’epresi'nt previously existing plarn‘s or 
have been <lev(*lop(id along a new series eonneett'd with tin* iiiHiieriee of 
tin* intrusiNe i(K-k. lieu* a group of sedimentary rocks of toleiahly 
\arious jictrogi'apliieal ediaraeti'is strike’s at a large* entiptive* )>e)ss, sei as to 
[)ie'Je*rit to it the enels e)f sneee*ssi\ <’ly »|j|h i’(*ut strata, the* feilialiem which 
fell let ws a[>pro.\imnte*ly the nuir'gin of the igneenis mass, and ei’e»sses tin* stt ike^ 
eif the sti’atifieation of tlie inet.imotpln*se’el roe-ks, must edo ienisly In* elue to 
the ae tieni e»f the irnaeliiig niafe-r iul. The jM trographn al e <»ntr.ists heiw'(*eii 
the* eiriginal seelirnorits will still he e*videiil in timir nn'tannir phosed eeiridi 
tion, sii that the e-liaiaeter of the* material arul the <legn*e* of its feiliatieni 
may he* expected to \arv as the; inetaniorpliisin is fo]Iow<*ei fre>m ar’gillaee- 
e)U> to .siliceejiis eer e’alear’eems hands 'I'he’se; feature.s lia\e; a special signi 
ficane’c, as the*y eorirn*et in the nnisl intimate* way tin* ph(;ne)me*na of 
contact anel regional nn tameerphisni. 

It is natural tlial various ejpinions shouM he enteitaiin'd as to the 
cau.se of the r-ough jiaiallelism which may thus Ik* traccel between the 
margin of the eruptixe mass and the <lire*ctie>ri of the fediation in the 
immeeliately adjace-nt I’ocks, If xve regard the foliation in regienial 
mcUme>rphism as haxing had its ]>Iaries di*termined by shear ing stresses, 
increasing even to r upture, we may supfKise that some .similar mechanical 
effects were produced around a great l>o.ss of <*Miptivc matei’ial drix en like 
a huge xx^edge into the terrestrial crust, and that alfing the planes of 
cleavage or nipture thus orginated the foliation xxas simultaneously or 
sulwequently developed, with the co-ofreration of the mineralising agents 
supplied from the intmsive mass. There appear to be cases where large 
masses of eruptive material have taken their places in the crust Indore the 
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completion of the organic iiovements, and have consequently undergone 
8omo part of the stresses to* which the foliation of the surrounding rocks 
is ascribed^ On the other hand, without invoking mechanical aid we 
may seek the explanation in a possible permeation of the metamorphosed 
rocks by the mineralising agents successively passing outward from the 
body of intnuled magma, with the consequent formation of successive 
zones of re-crystallization parallel with the periphery of the plutonic 
mass. Or wo may consider whtuher there might not be an actual trans- 
ference of the magma itself across the surrounding rocks which it was 
able to absorb and incorporate, so as in cooling and crystallizing to give 
rise to segregations of minerals along successive plahes parallel to the 
})ody of cool rock outside and to the surface of the hot mass inside. 

A vast number of instances of such extreme forms of contact- 
metfimorphism have now been described in detail from all parts of the 
world. Space can be found here for only a few illustrative examples, 
taken from some leading types of intrusive rock. 



Fig, S - - 1) j'krt-llko jwn ttuiH of Sohoi 1- 

NchfHt in DuMiniiUi Hint*’, w*»8t of 
VictorU. roriiwnll. 


Granite. -Round tho graniU* l) 08 .se<i of Devon and Cornwall, already referred to 
(ftn/r, p. 728), the Devonian and Carboniferous fornia- 
ations have undergone remarkable changes, which 
have long l»ecn cib’d as classic examples of contact- 
metaniorphism. Fine greywar’ke and slate have been 
convened into mica -schist and varieties of gneiss 
(cornubianite). In .some oa.sea tho slates become in- 
durated and <lark in colour, and new minerals (schorl, 
chia.stolite, Itc.) arc devclo{»cd in them. The volcanic 
bands intercalated with the sediincntaiy series likewise 
nmleigo alteration, the "greenstones,” in particular, 
becoming much more coarsely crystalline a.s they 
approach the granite. Each boss of granite i.s sur- 
loumlcd with its ring of im tamorphism, which varies 
greatly in breadth and in the intensity of alteration.*-* 
Intere.stiiig aection*^ may be seen near Victoria, Corn- 
wall, which show the manner in which schorl has lieen 
introduced from below into the slates and has given rise to schorl -schist. It will be 
reniemhcred tliat .schorl contains some 10 per cent of Imric acid and a little Huorine, two 
of the mineralising agents which arc regarded as especially etfectivo in the coutact-meta- 
nior(>hisni produced by granite. In the sections here leferrcd to, the schorl has been 
introduced into vertical joints or fissures of the silvery slates or killa.s (Fig. 343, a), 

’ As already )>ointcd out (p. 718), this development of the orystalline structure m plutonic 
rock.s at such a time ami under such conditions is Dr. Weiuschenk's picz^nu tjHtallizaiion, 
Compt. rend, congrh, (iM. Inter imt. I’aris, 1900. p. 340, 

I>c la Beohe, ‘ Report on Geology of Devon and Cornwall,’ Mem. deal. Snn'ey^ 1839, 
p. 268. See also Forbes, Trans. Qeol. Sk. Cornmill, ii. ji. 280, and op. cit. iv. (1832), 
p. 166. The microscopic structure of the unaltered s]ate.s of Cornwall has been described 
by Allport, Q. J. d. .v. xxxii. (1876), p, 407, and that of the greenstones by J. A. Phillips, 
op. cit. xxxtv. (1878). Some interesting ob-^ervations on the metamorphism of Cornish and 
other slates are given by Sorby in his Address to the Geological Society, op. cit. xxxvi. 
(1880), p. 81 et seq. More recent information regarding the granite ami metamorphism of 
the south-west of Englaml has Iwen supplied by General McMahon, Q. J. t,’. S. xlix. (1893), 
p. S86 ; 1. (1894), p. 388 ; F. Rutley, J, d. S. Ml (1896), p. 66 ; Busz, deoi. Mag, 1896, 
p. 492 ; A. Somervail, Geoi. Mag, 1898, p. 509. 
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which for « diitAuce of three or four inches on ptther side Imre been hleeched from 
their usual pink tint into white and {tah* yellow. The lamiiiie of the slates lmv« 
sometimes been ]nickered, and between tliein the schorl has been depsited in thin 
black leaves. Those leaves rapidl}' die out on either hand; and as tliey are piled 
above e«ch other with only thin partings of slate between them, they look at a little 
distance like blai'k veins or dykes, from a few inches to a foot or more in breadth 
(Fig. 343, b). Wliei-e they occur, the slates, which arc usually soft and decom]>osing, 
have been greatly ind mated ; the granite is probably in place jjt ni> great depth below, 
but it does not hero I each tlie surface. It has c\ ulently given olf. howevei, mineralis* 
ing solutions which a.scende<l through weak j>;irts of the slates, inlrodueiug into 
them the siliea w]ii<-h has indurated the lock and fmined eyes of *|UHit/ and likewise 
the aluminous silitate, witli its boric acid, tiuurine. am! iion-ovide. wliich se|iiirate4l out 
as schorl. 

In the Lake District of the muth of Kiiglaml e\<ellent evamples of the phenomena 
of contact may l)e observed round the granite of Skuldaw. The .iltcration heic extends 
for a distance of two or three rnih-s from the cential mass of granite. The slate, whci'e 
unaltered, is a bluish-grev cleaved rock, weathering into small Hakes and peiiciMiko 
fragments. Tiaccd towards the granite, it first shows taint which increase in 

number ami si/e until they assume the foim of chiostolite ci\.stHls, with wliich tlie shite 
is now aliumlantly cioadc*!. The /one of this < hiastolite slate sebloiu exceeds a ipuirter 
of .1 mile in breadth. Still < loHer to the gianitc, a seeoml stage of metamorphism in 
marked by the d*'ielopnient of a general M liist<iNC channter, the lock heconmig more 
mas,sive mid les.s cleaied. The elcavage-pl.im s are icplare*! hy an incipient folnition due 
to the deielopmeiit of abundant dark little leeUngnlai oi oblong spots, [irobahly 
iinjMwfeetl y cr\stalli/ed chiastolite, this mineial, as well as amlahisite, occniiing also in 
Urge crystals, together with minute Hakes of mica .spottetl selii'-t, Knotenschiefer). A 
thinl and final stage is leaohed when, by the im lease of tin* mica and ipiartz-grains, the 
KK’k passes int(» innaseliist a light <»r hlmsh-gu'y rock, with uiunlerfnlly »’ontoiled 
folnition, which is devdped close to tlie gianite, there Iwing always a sliarp line of 
<luniarcatinn het\ie* ii the inic.-i schist and thegiamte - 

In tlie same region the granite boss of Sluip has produced some interesting changeR cm 
the andesitic rhyolitn* ami imnc basic lavas ami Intfs aswiatcd nilh the Lcoier Silurian 
strata. These ehaiige.s have been stmliid by MesMs Harker ami Man*, who desfiibe 
the gradual alteiutioii of tin* amlenites by th<* deicdopmenl of hiowii mica, hornhlcndo, 
sphene, and other minerals. The umygd doidil I'avifies lead been lilh'd with fic'comlury 
products, ami the rocks had been considciahly weathered befoie the iiitnisioii of 
the grauite, for the material’* filling the vesicles ]>aitake in tlie genei.il metamorphism. 

By the gradual increa.se of the brown mica ami the piodnction of a marked lunniiHled 
.stiuctiirc indicated by the [urallel di.sposition of the mn a-H.ikes, tliese lavas .lud tuffs 
avsuino the as{»«ct of true ci ystalline Hchi.sts.'* 

Farther north, in the 3ontli-wc*stern counties cd' .Scotd.ind, scvin.il l.irg*’ massCH of 
fine>grained granite rise thioiigh the l.ower .Siliinaii. greyuacke ami sliale, whieh, 
arouncl the granite for a lariahle distance of a few hnncired yanls to nearly tw(» miles, 
have undergone great alteration (see Fig. 30t»,). These strata ;iie ranged in steep 
anticlinal and syiiclina] or isoclinal folds, which run acicHs tlie <onnliy in ri gencial 

^ Mr. Hutchings lia.s foun«l that in the neighbouring ilistricl of Shaji the sjiots which were 
thought to lie probably amlaliisite consist of corilicnte, .and m some cases of white niica, 
Jfafj. 1894, p. 65. 

* J. C. Ward, Q. J. (J. S. xxxii. (1876), j*. 1. Compare the deiekipment of andalusite * 
in n^oiial inetamorphisni, p. 797, uote. 

’ Hinjker amt Marr, <?. J. a. S. xlvii. (1891). p. 266, and xlix. / 189.3), p. 3.';9, where 
•oine interesting conclusions are given as to the trivial ami partial nature of the chemical 
changes prodneed by thermometamorphisni. 
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north -mst and soutli-wo.st dirpctionk It is observable that this normal strike continues, 
tvith little modilication, up to the Kfauite, whu-b thus has replaced an equivalent area of 
jedimeiitary rock (see p. 72>>). The coarser arcMiaceous beds, as they approach the granite, 
iro changed into <[nart/-ujek, the thin siliceous shales into Lydian-stone, the black 
iuthracitio graptolite-shah's into a coin}>act mass charged with pyrites, and breaking 
iiito large rough bhwks. The radiolanau cherts pass from their usual flinty texture 
into coarsely crystalline (|uart/-rocks. J^trata wherein felspar grains abound have been 
ilteied to a greater distance than the more siliceous beds, and show a grailation through 
ipotted s< histH, with an incieasing ilevelopmetit of mica and foliation, until along the 
jdge of the gi unite they become true mica-sehist and even a tine kind of gneiss.' The 
pebbly coiiglomi'rates which form a marked horizon among the unaltered rocks, are 
traceable in the metamorphosed areole as rocks which, nt first sight, might be taken for 
some kind of porphyritic gneiss. Their quartz-pebbles have assumed a resinous aspect, 
and are enveloped in a crystalline micaceous paste. 

The Kronob Pyrenees prcsi-nt instructive e\am pies of t lie effect of the protrusion 
of granite uiul other eruptive rocks u|m>h Cambrian and later formations. Fuchs traced 
tlio metamorplii.srn of clay -slate through spotted schists (fruebt-, idiiastolite-, iiiul 
andalusite-schists) into mica-schist and gneiss ' The region was afterwards studied in 
great detail by Bairois, who distinguished three suceessivc zones in the nietamorphic 
areida huiiounding the granite. On the outside lies the zone of goffmed schists,” in 
which a puckered structure has been developed without any new mineral combination 
of the elements of the lock. Next come tlie chiastolite-schists, with crystals of 
chiastedite, tourmaline, ^cc., whu h become more and more micaceous towards the interior, 
till they pass into the Ihiid an»l innermost zone, that of the leptinolites, which are 
highly micaceous schists with small crystals of chiastolite, and sometimes with tour- 
maline, rutile, and tiiclniic felspar Bariois also showed that round the masses of 
keisantite 11 ling of chlontic luica-schist Ins been developed, followed outsiile by one 
of spoiled sclints. ' 

More rei'eiitly the giamte ol the ryienees and its contact phenomena have been 
made the subject of detailed studies by l^acioiv. He shows that iii the Haute Allege 
the Silurian or Hevoniaii cUiy shitC'. not only pass into the usual phyllitK* and niicaecous 
condition, but become like the ino'.t ancient mica-sehist.s, and immediately iii'xt the 
granite have been felspathised until they iissuine oven a gneissie aspcit. '1 he fidspathic 
suhstauoe is supposed to have been iiiliodiieed paitly by imhihitioii, and is then only 
discoverable by the aid uf the micioscope, j.artly by injection where the granite 1ms 
ponctiated in thin layers between the lamime of the schists. ( treat changes are likewise 
made on the limestones, which assume the usual marmaiised fonus, with mimeious meta- 
niorphic miiieials, passing into garnet roeks, epidote rocks, aiul other eornpounds. In 
diaeiisaing tlio origin of these changes, Lacroix adopts the view that they have been 
osseiitially brought about tlirough the inllueiice of tho miiicralisiiig agents witli which 
the granite was charged. Ho further .shows that tho graiiito itself presents great 
diversity of eompostttou in ditlereiit parts of its mass, ]ia.ssiug into dionte, norite, and 

' J. Horne, 3/rwi. f •'*<»/. >V;c. Kxplanatioii of Sheet P. p. 22. Jinf. Am>c. 

1892, p, 712. J. Home uml .1. ,1. H. Toall, J/cwi. Surr. Explanation 

of Sheet r», niul more esi^cially the Largo Memoir on the Silurian Rocks of Scotland (1899), 
chap, xxviii. 'Dio niuTo.scopii' structure of the altered rocks m this district has l>een 
studied by Professor Boniiey and Mr. Allport, I*roc. Rnif. St>r. .\l\i. (1889), and Miss M. J. 
Gardiner, J. (•. .xlvi. (1890), p. .'>69. 

A'. Jtf/irh. 1870, p. 742 ; see also Zirkel, Zt'itgch. Ikufsch. (•>»/. <.V.v. xi.x. (1867), p. 
175. 

=* ‘ Recherchos sur hw Terrains aucieus de.s Asturics et de la Galice,’ quarto, LjMe, 1882 ; 
,1. Roussel, Bu/f. Carte. tUi}!. France^ v. No. 3ft (1893) ; Carez, B. S. G. F. xxiv. (1896), p. 
389 \ XXV. (1897), p. 456 ; Caralp, .xxiv. p. 528 ; Stuait Meiiteith, p. 898. 
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even periiiotito, and lie at'conuts fur these iliirereuiv.siiot by supjKisin^? any iliH'erentiation 
of the constituent materials of the lork, but by supposmy; that the granite has probably 
involved and Hasiiiiilate>i in \uiiuus jtruportious the lah-aiious seiiiinenl.s through which 
it has risen.* 

A large siuies of important ol»servation*' h.is been made In Baiiois in Hrittanv with 
regaid to the gianites mid niet/imorphism of that legion. Thus at (liiciiu iu'. in the 
maritime depaitmenl of Morbihan, nhcrc Lower SiluiiJii stiiita hive been inv.ided by 
granite, tlie aamLtom'.s (grts a seolithe^ > have been converteil into nucai'etius qnmt/ites. 
These altered roek'i, trace<l l.irthei inuaids, an* fuithei <listmgiii.‘<hed by the <leve|op- 
inent in them ot '•illimunite, soini*times in sulln-nnt .ibuiidaiiee to iinpait a foliated, 
undulated, gneissoid .•^liiictuiv At thi* contact with the eiujitive lock, this tjuartzite 
shows le ciy.stdli/ed (juait/, black mica, sillimanite, coidieiite, ami a good nuiiiv crystals 
of orthocla^e and }ilagi(M lase. bisiibs white iiiic.i. 'I'he initnx of the conglonn'rnteb is 
alteicd into a mass tomposetl of lounded oi .mgul.ii gi.iins of ijuart/ united by abundant 
white .M'lieiiic iiiK , 1 , and < ont.iining some < 1 1 '•tal.s oi /ircon, l.ugc plates of muscovite, 
and u-llow gmnulis of hinonite. ' 

In eonue<tion with the I lench cvainphs of •ont.n t-nietanioi pliisiii lefcieiice nmy 
again le* m.i'le heie to t):e impoitant lexaicheh of M, Mnln l Levy on the extent to 
which ‘ji*dimeiitar\ lo-ks haxc hem tMns(onm*d into rivstalline sclii.sls by tin* intro- 
duction ot giaiiiln iiul'iial into them (>ie/*, p. 7-''; II has been pioved by this 
ge'do'gist, an 1 his oImci xati ois liaxe since leeii • oniiinied in olhet eonntiie.s, that in some 
'^wliicli aie juobably none finpient th.in has hci*n hUsjK*cted) the .sliatu haxc lieeii 
*• gr.iiiitoed " or peimeated with the constituents of gi.anite not ineiely a.s large veins or 
d\kes, but 111 minute thnads and himiii.e, wlmli follow gciieially tlie moie maikeil 
diMsioiial planes, siicli as iho.se of iM'd'ling, <bavag«.*, oi bdiation. To ipiote only om* 
exiTiiple 111 tills pl.o e, mar the tontact of tin* niu.iieoiis sehists of Saint la*on with the 
gi inite winch jneue^, them, this ob^eivn lonml th.it the nuptive lock lias hecn injected 
lietwien the plain s of the s( lusts in b avi s fioin a few inilliineties to om* oi twocciiti* 
nieties ihii k, Tin* ro( k has thus a iibboiied appcai.ni. e fiom the altei nation of nunieioiiH 
< 1.11 k inica<i*oiis l.iveis null the lineh graniilai tmik oi uhit<* .scams of gr.initc. liv such 
a ptocesj, of nieianioi jihisin and injeitom, mnl<tubted s<*<lini<*nlary .stiata h,iv<* acipnicd 
a structure that e.m haidly h** distinguislo <1 fiom that of some am ieiit gm isHcs. ' 

Another admirahlc locality for tin* study <.f <ont.n*t im tumoi pliism j.s the eastcin 
V'osges. Koseijbuseh, in <lescnbnig the phi miineua lh<*H’, li.is shown that the unaltered 
elay-slab's are grc), lirown, violet, oi bl.uk, thinly lissile, heie ami tli**M* curved. 
iTumpled. and oiowded with kerm is and stiing'.of ipiaii/.* Tr.ued towanls ihi granite 
of Barr Amilau, they present an imieasingly piommm**!! m<*faiiiorp}iism. First they 
iissunifi a spotted ajipeai.imi*, owing to the <lev. i-.pim*iit of small daik jioints .imi knots, 
which incre.iRe in si/aj ami nnmbci towanl.s the gianitc, while the ground-mass remains 
uualtcr<*d (kiioteiisehiefer, tnicht.schiefcf. Tin* giouml nia.ss of the slate then la*, omes 
lighter in colour, haider, ami moi<; cryst.illine in apjicarancc, while flaki s of mica and 
quartz-grains make their appearance. Tin* Kiiols. now hioken up, lather im ieasc than 

* btiU. C'lrlt’. (Jtol. Finno^ No. b4, foiiie \ . No. 7J, tome. xi. IJKKJ. (.See llut^ 

p. 710.) 

* Ann. St»c. mu. xl. (INvSj), p. lO.'t , xii. ]»]>. 1, (i» : xv. p : xxi. p. 10; 

Hull. Cartf. (JiU. France. No. 7, 18^9. The orcnrr<*n<e of tnlotiites and orllmls m skates mo 
altered as to contain well-developed trxstaks of i hiastolite was bmg ago notned b\ Puiilon- 
Boblaye {Cinnpt. rrnd. vi 1836, p. 168) ; liis observation" were «onfiriiieil b\ the Comte tie 
Limur, B. S. if. F. xiii. p. 55. 

* See besides the jiapersby Micliel-Ix-xy, Horne, and (iieeidy, citetl untr, j». 729, another 
by the fl^t-narued author, i'angr. Ufol. Jnferuaf. 1888, p. 59. 

* Neuea JcJirh.. 187ri, p. 849. ‘Die Steigerscbiefer iiiid ihrc Contact-2k>ne,' Straislmrg, 
1877. Unger, Ifam JaJtrb., 1876, p. 785. 
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dimini-Hli in aize ; the hardnew of flie rock rapidlj' increaaea, and the fissile structure 
btH'onies uni'ccognisuble on a fresh fracture, though observable on a weathered surface. 
.Still neaier the granite, the knot-like concretions dUapjiear from the rock, which then 
has become an entirely crystalline mass, in which, with the lens, small Hakes of mica 
and grains of (|Uartz can be seen, and which under the microsco{>e a})])oar8as a thoroughly 
crystalline aggregate of andalusitc, quartz, and mica. The proportions of the ingredients 
vary, but the andalusitc and quartz usually greatly preiionderate (aiidalusite-schist). 
Chemical analysis shows that the unaltered clay-slate and the crystalline andalusite- 
schist next the granite consist esMsntially of similar chemical materials, and that 
probably the inetamorphisin has not taken place by tbe addition or subtraction of 
matter, but by anothci ami still unknown process of molecular transposition."^ In 
some case^, boric acid has been supplied to the schists at the contact.- Still more 
striking, perha]js, is the condition of the rocks at llothau ; they have become bom- 
blendic, and their included corals have been replaced, without being distorted, by 
crystals of borubleiide, garnet, and axiiiite.^ 

In the Chri.stiaiiia district of Southern Norway, singulaily clear illiistiations of the 
metamorphisru of sedimentary rocks round eruptive granite have long been known. 
Kjerulf has shown that each lithological zone of the Silurian formations, as it ajiproaches 
the granite of that district, assuiue.s its own distinctive kind of metuinorphism. The 
limestones become marble, with crystals of tremolite and idocrasc. Tlie calcareous and 
marly slialcs are changed into hard, almost jaspery, shale.s or .slates ; the cement-stone 
nodules in the shales appear as masses of garnet ; the sandy strata become lianl siliceous- 
schists (hallelliuta, jasper, horiistouo) or quartzite ; the uon-cahjareous black clay-slates 
are coiiveited into cbiastolite-sclnsts, or graphitic schists, but often show to the eye 
only trifiing alteration. Other shaly beds have a.ssunied a fine glimniering a]>pcarancc j 
and, ill the calcareous saudstoiie, hiotitc has been develojied. In spite of the nieta- 
morphism, however, neither fossils nor stratification have been r)Uite obliterated from 
the altered rocks. From all the stratigraphic.d zones fossils liavc been fouifd in the 
altered belt, so that the true position of the metamorplio.sed rocks admits of no doubt.* 
i’rofessor W. 0. Brogger has subjected the rocks of the zones of coutact-metamorphi.sni 
round Christiania to a searching microscopic examination, and has published a highly 
imiwrtant and interesting mtunoir on tlie subject. lie describes the unaltered and 
altered conditions of the more conspicuous stratigrapbical bands, and thus provides new 
material finr the investigation of contact- metaniorphism. Esjweiully interesting are his 
descriptions of tlie distinctive metamorphism of each band, the remarkably variable 
amount of alteration even in the same band, the persistenee of recognisable graptolites 
even in rocks that have become essentially crystalline, tbe transformation of limestone 
into marble, of which a fourth or fifth part is composed of garnet, partly in large 
rhombic dodecahedrons, and |uirtly as a mould enclosing Orthis cnlligramma.^ 

Around the intrusive granite and syenite in tbe schist district of the Elbe valley bills 
in Saxony some varied manifestations of contact-metamorphism have been described 
by F. Becke." The Silurian clay-slates have there been converted into knotted schists 

^ Unger, op. cit. p. 806. 

’ Uoseubusch, ‘ Die 8teigerschiefer,’ Ac., p. 257. 

“ .litM. Mines, S™** ser. xii. p. 318. 

* ‘Oeologie Norwegens,' 1880, p. 75. F’or the literature of the Nonvegian locality see 
E. Royer, Jahrb. (Jeol. Reichsanst. xxx. (1880), p. 26. 

* ' Die Sihirischen Etagon 2 uud 3 Ira Kristiauia Oebiet,’ Krlstiania, 1882. Reference 
may be made here to the excelleut monograph by H. Backstrom on the crystalline rocks of 
VestanA, Scania, in Southern Sweden, Bandi. K. Soensk. Vetensk. Akad. xxix. (1897). 
He Uiere describes the metniorphisra of a series of quartzites and other sedinien^ry recks, 
including certain dacite-tuffs. 

* Tichermak's Mittheii. xiii. (1893), p. 290. Round the syenite of Meissen in Saxony, 
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•ikI hornfelft ; the Kieselachiefer into gnipliitic 4 uart||te ; the limestones into marble 
and lime-silicato rocks with impregiiaiion of iroii'Oref; the diabases and diabaae-tutTs 
(schalsteins) into horubleiidio rocks. The Devonian greywackv has lH*on, in like nianner, 
turned into homfels and knotted mica-sehist, while the conglomerate, still retaining its 
recognisable quartz and quaitzito {lebhleH. has had its ground muss entirely altered 
into a holocrystallinc aggregate of quaitz and biotite, together with nuiseovite and 
plagioclase. Some of the rocks even assume a gneissoid character. 

One further Kuro[>eau example may b' cited from the uhscrv-Htion.s of K. K. Muller, 
who has described luund the gi suite of the Hennheig mar I ehesten in the Frank en> 
wald the occurrevieo of knotted •^ehists, chiastolito-sehi.sts, knotted mica schists, and 
audalusitic mica-ro< ks ^ 

The same plienomena have been observed in many other paits of the woild. One 
example from Amciua may suftiee to show how precisely the facts collected in the Old 
World are lepeat^l in the Now. An elahorutc cxumiuatiun was made of the lontact- 
nieUmorphism of the giauite of Allwiny, New llampshice, by the late Mr. (J. W. 
Hawes.'^ Ills analyses indicate a systematic and pnigivsMve series of changes in the 
schists as they ap]>roach the grainlc. The loika aiv ilehydralcd, boric and silicic acid* 
have been- added to them, and iheie ap^M>ats to liave been also an inrusion of alkali 
directly on the contact. He legaided the scliists h.s having U-eii impregnated by vet y 
hut vapours and .solutions emanating fiom the granite. 

Diorita.— On the whole, it may 1 k> said that the brea«lth and intensity of contuet- 
incUimoipliiHiii deerense in piu{M>rtioii to tin increase of basicity in the eiuptivu mass, 
(iianitie and allied a<id locks present the bioatlest /ones of alteration, and in these the 
tiaiinioriiiHtioiis icach a maximum, while aiound roeks like basalt the inctaniorpbism is 
often compaiativeiy slight, and seldom extends many feet beyond the immediate neigh* 
hourhood of the iiitru.sive mans. The coinjdicated group of diorites and other rock* 
descrihe<l by H. William.H as tl^c “(’oitlund” snies <»f IVijksbill. New York, have 
been sliowii by J, 1). Ibuia and liy him to W aecompannd by an intciestiug seiies of 
nltfliatioiis of the sunoumling schists and limestones. As the inica schisU are followied 
across tlie stiike in the direction of the intrusive inBae. they uie observed to become 11101*0 
and more puckeicd, the intensity of the alteiation iiicreasing in j»ro|>ortion as the intrusive 
locks are approached, but at the actual contact the original schistose structure almost 
wholly disajipcars and the rock becomes hard and massive, .sometimes consisting of an 
almost colouile^s pyroxene with some hornblende and quartz. The metamorphism, as 
shown by the disappearance of tlie quartz and muscovite of the schists and the develoje 
nient of biotite, silliiiianite, staurolitc, kyaiiile, and garnet, consists of an addition of 
alumina and iron and a cori*e.spon«ling de< lease in the pro|»ortion8 of silica uml the 
alkaliea No fewer than eighteen minerals aic imuiuerated as having been devehqted by 
contact-metamorpinsm in the zone of alteration.*’ 

OiabaM. — A classical region for the study of contact nietamorphism is in the Harz. 
Besides the granite masses of the Brocken and llainberg, around which the Devonian 
and older Palaeozoic rocks are altered into various tiinty slates and schists, dykes and 
other masses of a crystalline diabase have been erupted through the greywackes and 
shaloa. These strata at the contact and for a vuiying distance l^yond, have l>een con* 
▼erted into hard siliceous bauds (hornstooe) ami into various finely foliated inassea 
(Beckschiefer, bandschiefer, contactschiefer, the .•ipilosite and desinosite of Ziucken). 

the diabaaea, when they come within the areole of coiitact roetaniorphisin, pass into actinoUte- 
schists and anthophyllite-schists. K. Dalmar, Blatt 64 (Tannebcrg) Erl^uter. Sjjecwl-Kart. 
Saeksen (1880) ; A. Sauer, op. ciL Blatt 48 (Meimii). 

1 Aeues JahHi. 1882 (2), p. 205. 

* Amer. Joum. ScL zxi. (1881), p. 21. 

* Dsnti^msr. Joum. Sei. zzil (1881), p. 314 ; -O. H. Williams, ty/. at. xxxvi. (1888), 
p.264. 
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The liraestoMPs have their carbon dioxide replaced by hilica in a broad zone of liine- 
hilicate alonj,' the contact. ‘ Tlie^ilack coinpact limestone of llaserude becomes a white 
.succharoid marlile, cliaioeil with silicates (rhombic dodecuhedions of garnet, &c.) and 
with its c.iiboniK eons matter .segregated into abundant veins. A limestone band con- 
taining ironstone pre.seiits, in the Spit/imbeig l)otweeu Altenaii and Haizburg, a garnet- 
ifeious m.ignetile ctuit.iining well-preserved ciinoid stem.s.- 

Lherzolite and Ophite, 'rhe linie.stones and calcareous shales of Liassic ag(‘ in the 
I' V 1 e n CCS liave been invaded by ni.i.s^es ol Iher/.ohie, and havi; in i;onse(]iieneo umlergone 
cont.iol-inet.imoi pliisin, passing into hornfels (eorm-eiinc), spotted miea-schists, and horn- 
blendic locks that present a great evternal resemblance to the alteied rocks found around 
grniiile. Tlieir cbaracli ristic minerals, seajiolite, biotite, toiirm.iline, pyroxenes, 
amphilioles, and fels|iar.s (-inoithite to oi those) have been <leveloj)ed in them by 
metiiniorpbism, then own oiigmal individualised minerals having been obliterated, 
except iiiiciocrystalline call ite, and sometimes a little elastic ipiart/. Their cidoiiiiiig 
organic niattci has bcmi enlircly removed tioiii aiound the contact, lait icappears some 
liuiidieds of metres away iiom it. I’lofessnr Laeroix in describing these jihenomena 
jioint.sout that while the liiglilv magiie.sian llier/olite has no alkalies, the metamorphosed 
sediments eoiilaiii them in abiiml.iiice as well as otlu-r element.s, such as boiou ami 
titanium, wlii« li arc likewise absent from the eruptive loek. He contends that altbongb 
the alteied stiata have imdoubletlly supplied a poitioii of the elements rctinircd lor the 
development ot the new mincials, a huge }>ait of these elements has ccitaiiily been 
brought up liom hclow in the toriii of emanations or funiaroh-s, having a compusition 
(juito dilleieiil lioni that of the eiiiptive luck. The action of tliC'C .snbstmices ha.s been 
especially energetic along the eoiilact which was their line id' escape, and W’lieiv the 
.sedliiieiitai V hx ks have been eiitiiely tiaiisforined into silii-ates. * 

Serpentine and Fourchite (a loek compose*! almost • ntnely of gi.inular angite with 
a ground mass of linei granules of the same miiiei.iH Ccitaiii samUtones ami ladiolaiian 
cheits HI Aug(d Isl.iml, Sail Francisco, have been iiivadeil hy these basic rocks, and 
have undergone a I ein.irkablc mctamoijdiisiii along their contact with them. In each 
ease they have been con\ cited into holocrystalline ampbibole - m liists, in which the 
aniphibolc is the beautiful blue variety known us glaueopbaiie. llotli the samlstoiie and 
the elierts have uiideigoiic this traiisfoimatiou, vvhuli oieiiis with the same general 
characters along the contact with each o| the iiitru.sive loek.s. From the fact that the 
stdiist proilnced Itom the alteiatiou of the .s.iudstoue presents no essential diireience from 
that formed out of ilie elieil, and also that no distinctive Icatuic cun he detected between 
the metamorpliisiii etfccled by the foiircbite Iroiii that due to the scipcntine, Mi. 
Raiisomc concludes that tlm iiiikiiovvii caii.ses that have led to the develojimeiit of the 
glaiicophane ami its accompanying miiieials arc not conlinod to any single, ruek, but 
must bo dependent upon the l■omllloll pioperlies of at least two of them, the (diert and 
saiulstone on the one sule, and the sei jMMitiue and fourchite on the other.* He thinks 

' Ziiicken, Kunft’ii uad c. Jhrfini, Arc/nr. v. p. 34.'> ; xix. p. ,58:t, Fiielis, y. Jahrh, 
1802, pj). 7t}y, 1)29. K. A. bos.seii, X, IK (r, xix, p. 509 (on the Tauuus) ; xxi. p. 291 ; 
XXIV. p. 701. Kay.scr, nj/. nt. xxii. p. 103. The memoiis of Lessen form sonic of the 
most important eoiitnbutioris to our knowledge of the pheiioiueiia of nietamoi pluom. 

- K. A. lA*sseii, /. h. it. O’. \\i\. 1S77, p. 206. Erlautcr. itfoi. SiKcuU-Kart, Preiuss. 
Watt, Harzgerode (1882). 

® Eonr. Arduc. Mustuui, Paris, 3“ ser. vi. ; Bull. Carte. li(t>l. France, Xo. 42, vi. 1895. 

* F. Ijcslle Kan.soiue, “The Geology of Angel Island," Bull. O't'of. C7iiv. California^ 
i. No. 7 (1894), p. 193. That these glauconite-schists are the result of contact-meta- 
inorpliisui ha.s lieeii also atlirine«l by Ibrofe.ssor A. C. I^wson in his sketch of the geology 
of the Sau Francisco {leniusula (15f/i .\nn. Hej). J/.tS. Oeol. ^'<uri'.). More recently Mr. 
H. W. Turner has thrown doubt on the observations, but without any further explanation of 
them. Journ. (M>f, vi. ll898), p. 490. 
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that pojwibly Iwth the intrusive jwk.s may have couioJiom the saiiu* ori>{inal rehvrvoir. 
If they were eiidowetl with the ^ame miiieralitiii^ agentii anti iKiaseatied aiinilur 
teiitiierAture», we may r<u(>(K>.se that they would exerviso much the .mime kind ami 
amount of nieUmorjthn' iiiHin rur, jud {Ktshthly the clminical roin{Hisitiun of the sand* 
litone (which oontain.'* Tn ^O {nu cent of hilica- may not have Ihnmi imirkeiily diirereiit 
from that of the ehert. 


}i il. Regrlonal Metamorphism— the Crystalline Schists.^ 

Fioin tlif phtMJdiiU'iia «if niotatnorphisin round a contnd Itoss of 
eniptivo rock, now p;iss the consulcratitui (»f cnst'.s where the tneUi 
morphiam has atl'ected wide ureas without \isihle relation to eruptive 
matter, ft is ohviou'., howe\ei% that in many regions eruptive rocks, 
though they do not appo.ir at the .surface, may lie at no gre.jit. disianee 
herjeatli it, and Inuice that what have l><*en regardi*d as proofs of regional, 
may really !»•* result.^ of conUet metamorpliistn. 'I'he dirtienlly id' dis- 
criinmation j.s lessened in projiortion to the extent of tlic region in which 
no exposure of igneous rook makes its appearance. I’lider any cireuin 
stance"', only tho.se examjile.s .oc here admi.ssihlc in evidence where lliero 
is di.stinet pioof that vihat are called metaniorphie roi'k.s either pass into 
masses which ha\e not been iiieiamorphO'ed, or pie.sent eharacters which 
are proved to h.ive iieen produced hy the alteration either of stratitied 
or of massive, locks, in other uieas of too wide an extent to wariant the 
atlrihution of the alteration to the inthuMice of any igneous rock, lii 
the study of thi.s dillieult hut jnofoundly interesting gi'ological jiroldeui, 
it is di'Sirahle to lu^giri with the examination of rocks in which only the 
slightest traces of alteration are di.Hcerni)*le, ami to follow the gradually 
increasing metamorphism, until we arrive at the most jierfectly developed 
crystalline comlition. It is the earliest stiges whicli are of most im 
portiuice, for it is there that the nature and proofs of the chang<*s can 
best he established. As already remarked (p. 7<»G), the igneous rocks, 

‘ Out of till* cojuoim litiTature (tfVot**«l to this sutijwt it may hi* .siitlicii’iit to i iti* hwi* 
chiefly some of tlie earlu'i writui^'s, m aihiUioit toothers of later date, which will he referred 
to lu the followinK pages* Delesse, A//m. £triin(jer.<t, xvu, KariH, 1862, pp. 127 222; 

Jw/i. rfet Minfjt, ,\ii. (1857) ; vm. (1858) : ‘ Ktudes Mir le Metamorphi.snie des Itoidies,’ I’urla, 
1869; Duroeher, “ 6tudes sur le .Mi-taniorphisme des Hoches,” Ji. S. *•' h' (2), iit. (1846); 
Dnubree, Jax. des .1/jne.v, 6"“* sene, xvi, p 155 : Binhof, 'Chemical (itology,' chap, xlvjii. ; 
d Roth, ‘*Uelx*rdie I^elire voii MetamorphiMiiUH,’’ Abhandlnnym Akod. /Min, 1871, pp. 
151-23*2; 1880; Guinbel, • Oestbayerische (ireii7Kebirge,’ 1868; H. Credner, 

NaturxeiM. xxxii. (18681, p. .353 ; .V. Jahrb 1870, p. 970 ; A. iiiostranzeflr, 'Studieii 
nber Dictamoridiosirte Gesteiiie,' I^ipzig, 1879 , A. Heim, ‘ Uiitersiichungeu uber <leii 
HechaDismus der GebirgHbildung,' 1878; A. Kothpletz, Z. /). H. O', vxxi. (1879), p, 374 ; 
H. Retiach,' ‘Die foxsilien-fulirenden krystal-liniaclieii Srhiefer von Bergen,’ German 
translation by Haldaiif, 1883. JVVn« Jahrh, (Beilagebaiid), 1887, p. 56 ; ' Bomnieloen og 
Kartnoen,’ 1888; Rrp. Geol. 0>ngrf*s, Ijmdon, 1891, p. 192: liehmann, * Untersuchungen 
uber die Entstehnng der akkrystollinwchen Schiefer,’ 1884 ; J. J. H. Teall, Mag. 1886, 
p. 481 ; 0. H. Williama, RvU. U.S, G. if. No. 62 (1890). Tlie papers on the Cry atalline 
Scliiats by E^iin, Lory, Lehmann, Michel-I/vy, Lawson, and the U.8. Geol. Survey in the 
report of the London Session of the International Geological Congress (published in 1891) 
should be consulted. 
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from the definiteness of tligir original structure and composition, offer 
special facilities for following the nature and extent of the changes 
involved in the metamorphism of a region or of a large series of rocks. 

As in the case of contact-alteration, the extent and character of regional 
metamorphism depend in the first place upon the original constitution of 
the rock acted upon, and in the second place upon the energy of the 
metamorphic processes. Certain rocks resist alteration. Pure siliceous 
sandstones, for example, become quart«ites,but generally advance no further, 
though occasionally, under intense strain, their particles are drawn out 
into a somewhat schistose arrangement. But where felspathic elements 
are present, particularly where they are the chief constituents, some form 
of mica almost invariably appears, while other new minerals and structures 
may bo developed in progressively increasing abundance. These changes 
generally culminate in the production of some form of crystalline schist. 

The most distinctive character of Schists is undoubtedly their foliation 
(p. 244, and Fig. 34). They have usually a more or less conspicuously 
crystalline structure, though occasionally this is associated with traces, or 
even very prominent inanife.station8, of original clastic ingredients. Their 
foliated or schistose structure varies from the massive or granitic type of 
the coarsest gneiss down to the extremely (hdicate arrangement of the 
finest talcose or micaceous schist. They occur sometimes in monotonous 
uniformity ; one ruck, such as gneiss or mica-schist, covering vast areas. 
In other places, they consist of rapid alternations of various foliated masses 
— gneiss, mica-schist, clay-slate, actinolite-schi.sl, and many other species 
and varieties. lienticular seams of crystalline limi'stone or marble and 
dolomite, usually with some of the minerals mentioned on p. 102, some- 
times strongly graphitic, not unfretpiently occur among them, e.specially 
where they contain bands of serpentine or other magnesian silicates. 
Thick irregular zones of magnetite, haematite, and aggregates of horn- 
blendic, pyroxenic, or chrysolitic minerals likewise make their appear- 
ance along the folia of the gneisses. 

Another conspicuous feature of Schists is their usual intense crumpling 
and plication. The thin folia of their different component minerals are 
intricately and minutely puckered (Figs. 35, 36). Thicker hands may be 
traced in violent plication along the face of exposed crags. So intense 
indeed have been the internal movements of these masses, that the geo- 
logist experiences groat and often insurmountable difficulties in trying to 
make out their order of succession and their thickness, more especially as 
he cannot rely on the banding of the rocks as always or even generally 
an indication of consecutive deposition. Such evidence of disturban*^, 
though usually strongly marked, is not everywhere equally so. Some 
areas have been more intensely crumpled and plicated, and where this is 
the case the rocks usually present their most conspicuously crystalline 
structure. 

A further eminently characteristic feature of Schists is their common 
association with bosses and veins or bed -like sheets of granite, syenite, 
quarte-porphyry, diorite, epidiorite, gabbro, diabase, or other massive 
rooks. In some regions, indeed, so abundant are the granitic and 
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pegmatitic masses and so coarsely crystallin<|or granitoid are the schists, 
that it l)ccome8 impossible to draw satisfactory lK>u|ttdary- linos between the 
two kinds of rook, and the conviction arises that in some cjwes they may 
represent ilifTerenl conditions of the s;uiu* original material, while iti otbei*8 
they may be due to granitisation (]»p. 72^^, 

The term “ C’rystallino Schists’" has been generally ap})lii‘d to rocks 
possessing these characters, and mure es|)eoiully to tliose example.'' of iliem 
which underlie the oldest stratified formations. Some aceonnt tit the.se 
ancient schists will be given in liook VI. I'art 1. At present wo are con 
cenied w'ith the evidence which (an be produced that crv.sUilline schists 
are in some area.*; the result of a wide.spn'ad meUiiuorphism of rocks which 
were not originally sclnst.s, and w hich might not oven be crysUlline. In the 
investigation of the problem now to be consideriMl it is especially desiiable 
to .study examples where a crystalline and foliated structure ha.s been 
superinduced upon unlinary .sediiiientarv strata without the visible inter 
vention of any eruptive roek, or where a ma.M.sive eruptive roek passes liy 
degrees into a true seliist ; in short where the steps in the gradation 
between the iui.dt'*red and altered eonditions ran be eleiirly traced. In 
recent years .so much attention hiis licen given these transformations 
that our knowledge of metiimorphic processes has been greatly extended, 
and tin* problem of regional meUiiiiorphisni, though )»y t»o means entindy 
solved, is at least much more clearly understood than it ha.s ever been 
Iwforc. 

Theie is now a general agn*cment among geologists that a fiinda 
mental condition for the production of extensive mineralogical alteration 
of rock.s has been disturliancc of the ieiTe.strial cni.st, involving the intense 
compres.sion, cru.shing, fracturing, and stretching of masses of rock, 
(ompression, as we have seen, may give rise to slaty cleavage (p, 117). 
But it has oft<*n l>een a(.conipaiii(*d or followed hy further intiirnal trans- 
formations in the rocks, (’heniical reactions have been set up and 
new minerals have been formed. The cfrc(i.s of pressure and of move- 
ment under great strain in ({Uickeiiing chemical activity are now' clearly 
recognised. Not only have the original minerals )>ecn driven to re- 
arrange themselves with their long axes perpendicular to the direction of 
the pressure, but secondary miticmls with well marked cleavage have been 
developed along the same lines, and thus a di.‘<linctly foliated stincturc has 
been induced in w'hat were originally amorph<)n.s rocks. 

Still more marked are the changes that have resulted where the 
shearing movements have given way to actual rupture, and where the 
rocks have been crushed, faultwl, and .stretched. The extraordinary 
manner in which the crust of the earth has been fractured in some areas 
of regional metamorphism has been worked out in great detail by the 
Geological Survey in the north-west of Scotland.^ We there perceive 
how slice after slice of solid rock has been pushed forward, one over the 
other, how those accumulated slices have Wen driven over others of 
similar ki^d, how this structure has been repeated again and again, not 
only on a great scale involving mountain-massed in the movement, but 
» Q, J. O. S. xllv. (1888), p. 878. 
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oven on ro niinuto a Rcale |hat the ruptures and puckerings cannot be 
seen M'ithoiu a inicros'iDpo (pp. 792, 886). 

Such cjynarnical nio\ CMiients could not but be accompanied with wide- 
spread and very marked chemical rearrangements. Along the margins 
of faultH or planes of movement where Rhearing has been succeeded by 
rupture, the rocks have }>een ground against each other ; the crushed 
material has assumed a foliated structure, in which the folia are parallel 
to the planes of movement. This foliated selvage, with its new mineral 
cornhination.s, gradually pas.se.s into the amorphous or less crushed rock on 
either side. In .such places, sericite, hiotito, chlorite, or some other 
seciuulary product with it.s cleavage planes ranged in one common direction, 
show.s the line of movcfiieiit ami the reality of the <*h«‘iuical recombinations. 
In the body of a mass (»f rock, also, subject to great strain, relief has 
been obtaiiusd by iMiplure and crushing along certai»i planes, with a 
con.sequent great<!r <leveh)pment of the secomlary minerals along these 
planes, and the production of a bande*! or .schistose .structure in a rock 
that may have been originally <juite homogeneous* (I'ig!^- ami .167). 

'idle recognition of the powerful part t.iken by meelninical deformation 
in produm'ng the eharaeteristii' stnu’tures of many .s(’histo.se rocks has 
not unnaturally led t<i some exaggmation <»n the part ot gt'ologist.s, w'ho 
wore thus provideil with what appeared to be a solution of ditficulties 
which at one time seemed insuperable. Theie can hardly be anv doubt 
that the theory of moehanic.d <lefoimation ha^ becii too freely used ami 
has been apfilied to structures t<> which it cannot jirojierly be a.>isigned. 
Among the coarser gneisMis, b>r e.vample, the segregation of widely 
distinct minerals, such as <|uart/, felsp,ir, hornblende, pyro.\ent‘, magnetite, 
Ac., in more or le.ss [larallel Imitieular liands is a strurturo that seem.s to 
find its nearest analogy in tin* banding of eruptive mas.ses of gabbro and 
other rocks already described (p. 71 1), where the alternaticms of ditlerent 
material are obviously original and have arisen from the simultaneous 
intrusion of heterogeneous materials. The etVeet of snb.sei|uent mechanical 
deformation and crystalline reaiTangeinent m.iv sometimes have partially 
or wholly ohliterated this first handing by a later foliation (Figs. 362, 3G8). 

Hut wdiile this tendency to a too lilKual use of dynamical causes in 
explication of all the stnictmes of the crystalline schists must lie admitted, 
wo are now furnished with ample evidence of the efficacy of mechanic.il 
movements in the production of regional nietamorphi.sm. .Vs has been 
above (p. 681) pointed out, it is freipiently possible to detect ixmtions of 
the original stnietures, to show that they belonged to certain familiar 
and deiinito types of sedimentary or eruptive rock.s, and to tiaco every 
stage of transition from them into the most perfectly (ieveloj)ed crystalline 
schist. In the crushing down of large masses of rock during p<jwei*ful 
terrestrial movements, lenticular cores of the rocks have frequently escaped 
entire destruction. Round these cores the pulverised material of the 
rest of the rock has been made to flow’, somewhat like the flow’-structure 
round the porphyritic crystals of a cooling lava (compare Figs. 18 and 265). 
Successive gradations may ho foilow'ed until the cores, becomiiig smaller 
* G. H. WillUms, B. (’.S. f,'. No. 62 (1890). pp. 202-207. 
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by ilegreeii, ])a8fi tiiKilly into the jjeiieral ijiooiistructcd material. That 
this structure is not orii^inal, but has been superiinluced upon the rocks 
after their solidification, can thus be aimndantly clemonstratcil. Among 
the sedimentary formations the elongation and flattening of the pe)d>les 
in conglomerates, and tin; transition from grits or givywaekes into foliated 
masses, prove the structure to have been superinduced (Tigs. -Ob, 2ii7). 
Among eruptive rocks the crushing down of the original minenils, and 
their transformation into others characteristic of foliated rocks, aflbrd 
similar proof. 

S(» great has been the pivssnre excited by gigantic e.irth movements 
upon the rocks of the crust that even the mo.st solid and massive 
materials have lieen sheared, and their eoiiipoiienl minerals linv(* been 
made to move njam each other, gniug a flow stnictiire like that 
artificially produeeil in metals and other solid bodies (pp. tilt, t)Sl). 
Jhit it mav be <loubted wlietlier tliis motion is ever strictly inoha'idar 
without riiptUH' of the *onstituent miner.ds. Micr<»scopic examination 
shows that, at least as a g«*rieral rule, the minerals in the most thoroughly 
bent and crushetl locks have been bioken down It is observable that 
iuuh‘r the rireets of meeh.mical strain the mim-rals first nndergti 
lamellation, twinning being dcvelojK'd along certain planes. 'I’lli.s 
stnn tnn; increases in dihtin('lne''S with the intensity of the strain so long 
as tile mineral ("Uch as felsjiar) retains its cohcsnui, but ils limit of endur- 
ance is eventually reached, Im'VoimI which it will ci.ick and separate into 
fragments, which, if the movement is arrested at this stage, may be 
eeiiicnted together by some .secondar \ ei \ sl.illi/al ion id the same or 
another niineial filling np the interspaees. lint should the pressure 
increase, the mineial mav be so wbollv pnlverised as to assume a finely 
granular (mvlonitic; stiui’ture or a mosaic of in1i*rlocking grains, which 
under the inHuciice ot coiitinual shc.iring may d« \clop a sfu'akv ai range 
mont, a.s in flow structure and foliation ’ 

One (d the most inijioitant effects of tins nie< lianical (hdorniation 
ami tiitiiration has liccn the goMt stimulus tliereby given to < liemical 
reactions. Tln'se wen* etfueled under gigantic jncssines, at inoic or less 
elevated temperatures and in the pre^eme of at least such water as-inay 
have been iiiter^titially contained in the rocks. So cmisiant ami .so great 
have they been, ami so eoniploK'ly in many cases h.ive the ingredientR of 
the rocks been reerystallizcd m fresli eombniations. that the new structurcH 
thus produced have Ikmmi apt to mask the laoof of tlie, im-chanical deforma* 

tiotis that preceded or aceomjianied them It is in the main to tin; light 

thrown on the subject by tin* microgcopieal invesiig.itiou of the minute 
.structure.s of the metamorphosed mas'>e.s that we aie imh-lued bir the 
recognition of the important part played by pressure and stretching in 
the production fd the more es.sential and ehaiactenstie features of 

metainorphie rocks. Many chemical reanangements may undoubtedly 
Uke place ajiart from any such dynamical stres.ses, but ru»ne of these 
stresses^appear to have aftected the rnctamoiphic naks without being 
accompanied l>y chemical and mineralogical readjust iiicnls. 

* Lehmann, cit. |ii>. -4ft : O. H. W^lhanl^, il. o. ,s. So. p. 47. 
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The mineral transformi^ions oheervahle in regional metamorpbism 
'‘may consist (1) in the breaking up of one molecule into two or more 
with hut little replacement of substance, as in the formation of saussurite 
fnun labradorite ; (2) in a reaction between two contii'uous minerals, 
each supplying a part of the 8ul)stance necessary to form a new 
compound of intermediate composition, more sUible for the then existing 
conditions than either, as in the, formation of a hornblende zone )»etween 
crystals of olivine or hypersthene ami j>lai 4 iotlase ; or (3) in more 
complicated and less easily umlerstood chemical reactions, like the 
formation of garnet oi* mica from materials which have been brought 
together from a distance, and under circumstances of which it is at present 
impossible to state anything with certiiiiity.” * The following transforma- 
tions esiH'cially deserve attention. 

- the jirotluction t>l‘ uiica as a secoiulary mineral IVom felspars or other 
original ronstituents. One of the nio.st common forms of this change is where the silky 
unctiums scnV<7« haft been (levelo[s*<i from orthoclasi; (seiicitizatioii). The formation of 
mi<’a is one of the most common results of the mechanical deformation of rocks, and is 
most conspicuous where the pressure or stretching has been most intense, Maasive 
orthoclaso rocks, such as granite, <piart/-porphyry or felsitc, Avhen most severely crushed, 
|iass into sericito skdiist ; fclspatliic grits and slates may ho similaily cliangcd.- 

(/ralitisd/ urn —the conversion of pyroxene into compact or lihrous hornblende. 
This change may not be a mere case of parainorphism or molecular rearrangement, but 
seems generally to involve a certain amount of ( hemical transformation, such as the 
surrender of part of the lime of the pyro.xene towards the formation of such combinations 
as epidote,^ and the higher o.vid.atioii of the iion.^ It has taken place on the most 
extensive scale among the crystalline Kchist.s. Rocks which can he slioun to have been 
originally eruptive, such as diabases, have been conveiteil into opnlmite, and where the 
deformatioif has advanced further, into hornhlende-.s<*hist or a< tiiiolite M lust. 

—the production of epidote in a rock from reactions between two or 
mure minerals, especially between pyroxene or hcuiiblende and plagiocliise. In .some 
coses diabases have been converted into aggregates of epidote and ipr iz or 
eslcite, epidosite, epidot •■-schist (p. ‘if).*!},® 

SnuMiitrUimfion - the alteration of plagioclase into an aggregate of needles, prisms, 
or grains (chiefly zoisitcl, imbedded in a glass-liko matiix (albite), by an exchange of 
silica ami alkali for lime, iron, and water. This ehango has largely affeoteJ the felspar 
of coarse gabbros or euphothh's, in districts of regional inetainorphisni.® 

Albitisiition -a proces-s in which, while the lime of the plagioclase is removed or 
crystallizes as calcite, instead of forming a lin^e-silicate like epidote or zoisitc, the rest 
of the original mineral recry8tHnize.s as a fliiely granular aggregate or mosaic of clear 

’ 0, H. Williams, Itu/L r.g. U. S. No. 62 (1890), p. 60. Tkis admirable essay, with its 
copious bibliography, will well repay the careful peru.sal of the student. I am indebted to it 
for the abstract of metaiuorphic processes above given. The student may u.sefull} consult 
the suggestive essay of Mr. C. R. Van Hise on the metamorphisin of sedimentary and igneous 
rocks, with especial reference to the pre-Cambrian series of Noith America, 16/A Kfp. 
r.N. (A .s; (1896), pp. 683, 716. 

^ See especially Lehmairs ‘ Untersuchuiigen uber die Entsteliiiiig der altkrystallinischen 
Schiefergesteiiie,’ where the development of sericite as a result of mechanical deformation is 
well enforced. ^ Rosenbusch, ‘Mikrosk. Phys.’ 2nd etlition (1887), p. 186. 

* J. J. H. Teall, Q. J, G. S, xlL (1885), p. 137. 

* A. Scheuck, ‘ Die Diabase der oberen Ruhrthals,’ 1884. 

* Hagge, * Mikroakopisebe Uutersuchungen uber Gabbro,' &c. Kiel, 1871, p. 61. 
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grains of albite. Kxsiu{)I<‘a of this change nia^ be foitn<i in association with the 
derelopment of sanssurite.* ^ 

ChicrUwUiQU—Ka alteration in which the pyroxene (or hornblende) of the sO'Called 
''greenstones" has been changed into secondary substances (1) more or leas Hbrons in 
structure allied to serpentine, not pleoehroic but showing a decided action on |Ktlarised 
light ; or (2) scaly, pleoehroic, jwlarising so weakly as to sp^tear isotropic, and more or 
less resembling chlorite. This alteration is rather the result of weathering than of 
inetamorphisni in the strict sense.* Whcie ehloriti/ation and epidoti/ation have 
proceeded simultaneously in aluminous pyroxene or hornblende, the result is an aggregate 
of sharply defined pale yellow crystals of epidote in a green scaly mass of chlorite.* 

Serpentinmition- nn alteration inoic es{>ecially noticeable among the more highly 
basic igneou.H rock in which olivine has Wn a prominent constituent. The gradual 
conversion of u1i\ine into ser^iontine has lieeii already deHcril>ed (Kig. S21, and the 
occurrence of massive and schistose scr)tentine has lK‘en refened to (pp. 241. 248, 21)8). 

AltertUwha of Titamc fron.- The ilmenite or titaniferons magnetite of dialiaaes and 
other eruptive rocks undergoes alteration along its maigiim and cracks iuto a dull 
grey substance (leucoxene, p. 97\ which is a form of titanite or sphene. The grey rim 
fre(|uently jwis.si^’s into well -delineil aggiegates and ciyslals <»f spheric.'* 

Monnorosis, or the aln*ration of an ordinary dull limestone into a crystalline- 
granular marble (p. 772) may Iw again refened to here as one of the characteristic 
transforniatioiis in legion.il nietaiiiotphism. 

Ifohinitwihun. - The conversion of limestone into dolomite has been already referred 
to ns taking place at pre.sciit at ordinary temjieratures in shallow oceanic watera and salt' 
lakes (pp. 120, f)80). As illustrations of this ehange reference may be made to the upraised 
Tertiary and other limestones of Christmas Inland in the Indian Ocean, which have had 
their organisms almost completely obliterated in conwtjueiicc of dolomitisation, the 
rocks having rccry.ntallised.* It may be difficult or impossible to decide whether the 
extensive conversion of original limestone into dolomite in trar-ts of regional nictamor- 
phisrii is to lie regarded as the result of some similar early operation in mia-water, or as 
due to some riioie deep-seated and later transformation. The inarinarosis of dolomitea 
must l)C distinguished from their oiiginal textuie. 

iiranUisalUiU. 8ce pp. 728, 781, 

Production of AVir Miaerah — Tracts of regional inetamoiphisrn are characterised by 
the abundant apparanco of new minerals, who li in many cases are the same as thoae 
found in zones of contact- metainorpbisra, hut reach a much greater development. All 
the distinctive minerals of the cry.sialline H<'hi^ts ai-e examples of this recrystallizatiou 
— quartz, orthoclase, niicroline, oligoclase, and other felsjiars, muscovite, biotite, 
hornblende, pyroxene, garnet, c«>rdierite, hillimanite, andulusite, epidote, ai>atite, zircon, 
rutile, iron-ores, graphite, and many moie. In the coarser gneisses some of these 
minerals attain large dimeiisioms, espcially among the p^gmatitic veins, plates of mica 
and crystals of hornblende Buinetimes exceeding a f«»ot in length. 

It has been remarked also that not only is there a close similarity in the range of 
now minerals produceil in regional and in rontaot-nioUmorphism, but the order' in 
which they follow each other through increasing phases of alteration appars to lie 
broadly alike in both cases. This similarity is esfiecially conspicuous in the earlier 
stages. In more advanced alteration the rearrangements ami rccrystallizations are 
carried out on a much greater scale in regions! luetamorphism. After Zirkel had sbowa 

* Lo-tsen, Jnhrb, Preuu. (t'eol. JAitulesamt. 1883, p. 840 ; 1884, pp. 525-880, Dupare 
et Pearce, Cmnpt. rend. 8th Jan. 1900. 

* Roseubnsch, ' Mikronkopische Physiographie,’ pp. 180-184. 

» O, y. Williams, BuU. U.S. O. S. Na 62, p. 56. 

* A Gatbrein, Zeitich, Krytl. und Mineral, vi. (1882), p, 244. 

Andrews, 'Christmas Island,’ p. 271. 
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iti 1871 that in »ome of the clay-sUtes of ilistiirWil Silnrian ami Devonian fonnations 
iiiicro>M-( 3 j>ic mjicular inicrolites hid been develo)>ed, coiiHiderable diversity of opinion 
arose as to their miture and origin. They were variously rei'arded ns rudmientary 
erystJilhzationM of hornl)k‘nde, rutile, epidote or other ininoral. E. Kalkowsky carefully 
isolated, extracted, imd analysed them from a nunilMir of slates and regarded them as 
staunditc, constituting' fiom two to five |)er cent of the ro«lv.* The whet-slate of 
Bel^'iinii ssiis found )jy Ib naid to Iwi characterised by the presence of al^uiulant ^'arnets. 
Miiroscopic tounnalinc lias likewise been detected ainonj' clay-slates, but probably the 
most ^'e.neially diffused niiiieial amon;< these mieiolites is rutile. The rocks in which 
these iiiierolites <»ccur can hanlly be cla.ssed as inetainorphic, and yet the juesenco in 
them <jf microscopic inierolites and crystals shows that they have undergone some of the 
initiatory stages of ineiamorphisni, by the development of new mineials. All that is 
known of the probable oiigin of these minerals, negatives the supposition that they 
couhl have been formed in the original sediment of the sea-bottom on w hich the organisms 
(‘ntonilie<l in tiie de|K>sits hvod and died. For their production, a lernperutiirc ami a 
chemical composition of the water would seem to have heen re<|nire(l, such as must 
have heen iiiiinical to the co existence in the same walei of such highly organised foims 
of life as hrachiopods and tiihddtes. 

Ihisidos the apiieaianee of the mieiolites, one of the must markeil of the enily stages 
of regional inetamoiphism is characleiised hy the appi^aranee of tine scales of some 
niicaccoiis mineial (muscovite, hiotite. Ac ). As these micaoeoiis constituents increase in 
nnmher and si/e, they impart a silky lustrous aspei't to the surfaeis on which they lie 
parallel. In many eases, these .surfaces are prohahly those of original deposit, hut where 
ro<!ks have been cleaved or sbi*ared, tlie inicu iang»*s itself along the planes of clcav.'ige 
orsheating. The (’amhrian tufls of Smith Wales, of which the hechling still lemain.s 
ipiilc ilistinct, prcM’iit inteicsting examples of the development id’ a miea along the 
lamin.e id‘ ileposit.* The Dingle beds of Dork and Kerry, on the other hand, have heen 
stlhjecteil to cleavage, ami the mica appears along the tdeavage planes, whnli have a 
lustioiis .surface. The Ton idoniaii and Cumhriaii sandstones, i|uait/itt‘s and .shales of 
north west Scotland show a iluvelopmcnt of mica along the sm laces ol the shearing- 
planes. 

.\ fi'Nv ilhistrativc oxtmiple.s of roj'ioinil ni(‘tJvn)or[)hisin, culled from 
dittiTiMit ([Uiirtcrs of the globe, Jiiid vatioiis geidogical foim.itions, may 
here lie given. The sidijcct i.s further discussed in Hook VI. ]*art I. 

Scottish Highlands -This region, consisting mainly ol ciysUlIine schists, 
stretches through Ibui dcgiccs of latitinle and four and a lialf of longitude, ami thus 
covers an aiea of not less than Itt.OOn s«|naic miles. As, however, these rocks sink 
hciieath later fonnations, and are piolouged into Ireland, iheii total area must he, still 
more exlmisive I’lohahly no othei tract of similar si/c and geological structure has 
lieen woikcd out in such detail and traced upon maps on sti large a scale. It was the 
limt huge aiea i»l sehi.sto.se io<“ka whcie the disiocatioiis and otlier moveiiieiits connected 
with legioiial inetainoiphi.sin were followed out into their smallest projMu tions, and wlieic 
the toetonie .struct me of such an area was fully unravelled. It may tlieiefore serve as a 
typical legion h>r the .study and exjdaiintioii of ihe phenomena of metainorphisni, in .so 
far as these have heen attemiant on the. delormathni and rupture of tlie terrestrial crust. 
But it pos.se.sses a furthe.r advantage, inasmuch as it displays many eruptive rocks 
which have Wen mtrudod siiue the general foliation, and which have j>ioduee<l a 

* yt’Kcs Jahi-ft. (1879), jx i‘JS2. These Wdie.s are to W distinguished from the miiitite 
crystals of heavy, <lurable inmerals (zircon, rutile, Ac.), so common as clastic grain.s in 
sediiuents, which, repre.seiitiug tlie detritus of older crvstalliiio rock-s may often ^^»ave played 
a jvart in the sedimeutnlion of more than one geological |)eriod (pp. 163, 179). 

® V. J. O. .S. xxxix. (1883), p. 310. 
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marked contact'nietamorphiMin of the Bcliists already iiietaniorphostHl hy the earlier 
ruovemonts. • 

111 lieginniii^ the study of this eomplieated but iMofotiiidly justnietive territory, tlie 
student uill find that in tlie north-westein 
counties of SutlM'rlaini mid K»>ss In* e.iii 
reach a tract that lay b* yontl the reach of 
the intense disturbances wlmli jaevailed 
farther to tin* east and .south He can 
tliere readily see in a senes of m.soniii4viit 
natural .seetioiis, the \eiy olilest mulls- 
turhed ro< ks in Western Knto)»i‘ folhiwed 
in eoiiseeiitive oidcr by those ol lalei ilate, 
each ill il« noiinal jmsinon. lie is thus 
put III jMissessioii o| till oidei in ulmh 
the foirnatioiis i\ire laid down, of their 
unchanged nmieral eharailers, <tf their 
iineniifonnahihties and otitei icUinmH and 
he obtains ilw key wliuh will enable him 
to follow the intiie.ite i Mni|iiicalioiis o| the 
Kioiind lyin;' to llieeast Tlie \ hi loiis locks 
here relerre.l to will be desuil-cd in tluir 
proper places m l.itd |..iitsof this \olunie 
(Hook VI I’ait Halt II. Sort, i Ij . g 

for the picseiit wc aie on!\ *'oii< tim'd with 
tlieir bioad rhaiacteis ami their sejiieiicc. 

At the base of the whole pile ol aiieielit 
foniiatioiis lies a miiaikably coarse ei \stal 
line /gneiss (Lewisian. I in In^'. an , with 
abundant peomaiite veitis, nml sc\»ial 
.Hj.slema o( dykes. It is urn unloiinaldy 
oviilain by m.-nly fl.it brownish ted 
(Tonidonian) sandstones, con-.doineralis 
and breccias wliicb ui tiiin aie sni- 
nmunteil imconforniably by im lined beds 
of <iuait/ite i.{, I', sli.tjo calcaicoiis 
^^rif '!>), Iiiuc^tones and lioloinites 7 . the 
;.;co|o<rieal ap* ol whnli is |i\m 1 liv tlic 
<K'‘ iiin noe ot recognisable fossils m tbetii 
The (pimtyitc is full of aiiiielifb* biiiniws , 
the sbale.s contain tin* dislim 

tive trilobiti' ol the lowest Catuiiti in rtH-ks 
the liiiie.stone has yielded Mailurm, Mm 
t'ln^nnn, n< ni'otniruiriu, (frllus 

(frtluHi i-iiii, itJur, Kis, ami in.iriy more ^ 
forms, nidieatiiiK Canibrun and possddy 
the very lowest Silun.iii hon/ons. The 
strata are j^eneially crowd.,| with laibona- 
eeoii.H wonn ea-sts ^ the .so . ailed ‘ ‘ fiicojiLs ’ . 

Along their western margin, these jocks 
are .ho little altered that they ilo not in 
any way deserve the name of metarnoiphic. 

Kast wauls. ^lowever, they pa.Hs iindei \aMoiiH srhi'tH and gneis.se.s 
a vaat overlying, thoujiighly cry»lalliiie seiics 
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Alreaily before the dopositioiiof the Torridotiitn conglomerates and sandstones the 
T^wiiiiaii gneiss had undergone much deformation at successive iieriods of disturbance. 
During some of these movements its dykes suffered remarkable changes, being squeezed 
into a mere fraction of their brea<lth and sheared into various kinds of schist It was 
from one of these dykes that, as far back as 1885, Mr. Teall demonstrated the production 
of hornijlcnde-sfliist by the cinshing down and recrystallization of dolerite.* All these 
exarnplcH of dynamo-metnniorphism had ended long before the time of the Torridonian 
stjatii, which lie with an ahinpt unconforrnabdity on the contorted gneiss and its network 
of dykes. 'I'ho long {leriod of quiet sedimentation represented by the thick Torridon 
Randstones was followed by an inteival marked by another unconfornmbility, and there- 
utter by the prolonged tune required for the acciuniilation of the fussiliferous Cambrian 
strata. It was at st3ine 8ubse<|uent epoch that the earth -stresses manifested their effects 
anew in this region, an<l pro<luee<l the regional metamorphism now to he described. 

It was believed by Maccnlloch and Hay Cunningham that the fossiliferons quartzites 
of the north-west of Scotland truly underlie §nd are older than the eastern gneiss, which 
in many cdeai natural sections can he seen to repose conformably upon them. This 
natural view was ado[»ted and worked out in some detail by Murchison, who extended his 
generalisation over the whole area of the Highlands, which he regarded as composed 
essentially of metaiiiorph«»se<l Silurian rocks (see p. 89‘2). Other geologists sup|>orted 
Muichisoii, wIkjso opinions met with general acceptance. Nicol subsequently contended 
that the overlying or newer gneiss” is inewdy the old gneiss brought up by faulting. 
I.iatcr writers, particularly Professor Lapworth, Dr. Callaway, and Dr. Hicks, advanced 
somewhat similar opinions ; hut the ilitliciilty reniaiued of explaining how*, if tho 
“newer gneiss" is really older than the fossiliterous strata, it should overlie them so 
conformahly as to have deeeived so many observers. The problem was subsequently 
attacked iiulepeii<le.iitly by Piofessor liiipwoith and by the Ceological Survey, esjiecially 
by Messrs H. N. Peach, ,1. Ibirnc, W. Gunn, C. T. (Mough, L. Hiiixinan, and H. M. 
Cadell, and has now Iwen .solved.'-* I fully shared Murchison’s belief in a continuous 
upwanl succession fioiu the foNsihfcious Lower Siluii.'in strata into the overlying schists, 
but the suhsequent detailed investigation of the ground convmceil me that this belief 
could no longer he entertained. 

Triiciiig the unaltered (’ainhriaii strata e.astward.s from where they lie in tlieir normal 
position upon tho Torrnlon Handstone and old gneiss below, we tind them begin to 
undergo curvature. They arc thrown into X.N.K. ami S.S.W. anticlinal and synclinal 
folds which hoconic increasingly steeper on their western fronts until they are disrupted, 
and the eastern limb of a fold is pushed over the western. By a .system of reversed 
faults (t t in Fig. JDl), a single group of strata is made to cover a great breadth of 
ground and aetually to overlie higher members of the same senes. The most extra- 
ordinary dislocations, liowever, are the Thrust-jdanes. These have so low a hade that 
tho rocks on their upllirow side have been, as it were, pushed horiz«)ntally w'estwards, 
ill some placc.s for a distance of at least ten miles. But for the evidence of the clear 
coast- sec lions, these thrust-planes could hardly be di.stiiigui.shcd from oniiiiary strati- 
tlcation-planos, like wliicli they have been plicated, faulted, and denuded (dotted lines 
in the Fig.). Here and there an outlier of horizontally displaced Lewisian gneiss may 
he seen capping a hill of quartzite and limestone like an ordinary overlying formation. 

The general trend of all the foldings and ruptures is X.N.E. and S.S.W., and as the 
steeper fronts of tho folds face the west, the direction of movement has obviously been 
from tho opjwsito quarter. That there has lieen an enormous thrust from the eastwards, 
is further shown by a scries of remarkable internal rearrangements that have been 

^ "The Metamorphosis of Dolerile into Hornblende-schist,” V. /. ff. S. xU. (1885), 
p. 133. r 

* Tlie literature of this disputed question is folly given in the Report of the Geological 
Survey, V* (1888), pp. 879-387. 
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8U|»«?ri!uluced oj>on the rock^. Evory mass of rock, iiTcspcctive of lithologicul cliaraoter 
aud .structure, is traverseil by striated surfaces, whicii lie a|H>roximately imrallel with 
tht^ of the thiust-planes, and are covereii with a tine jmrallel lineation running in a 
W.N.W. and RS.E. direction. Along many zones near the thriist'^lancs, an*! for a 
long way above tliem, the most ]>erfect shear-stnictuie has bei*u devt‘loj>ed (Fig. 315). 
Thus here and there, where the uticonferniable junction iMjtween the gneisn and the 
conghunerate has come into one of the gieat lines of enushing, it has U’en rolled out, 
and the old striu tures of Isith r«K'ks have been effaced. The gneiss ha.s a<-»juirc<l a new' 
foliation paiallel to the shoar'id.sncs. and the cougloinerate. with its pebbles turned 
round in the same direction, ha.s hatl its paste ooincitcd iiitiv a .si hist, the foliation of 
whidi is pai.illel to that su pound in ed in the gneiss . Fig. *Ji»7 The roaisc jH'gtnatitcs in 
the gnei.ss have had thiir pink feUpar ami milky ijimit/. ctiished and diawn out into tine 
parallel iarnin.'e, till they assume the a.s|Kvt of n rhyolite in which lluxion'.stiiictiire 





Fii;. 34.'> - iMHiitum i>falt*'n<t 'lonelon simlhioiK', (’uiimk* iiiIo*hI1, 
e, Coftist* |<rlt or arkost* . I>. do . < . mIihIh ; ,1, ihvmmIiIic iimteiml <‘1u|»«mI ns a (•iiiiH*‘mu*iirj* of 
tlip cnisJilii^' nl tin rocks 1)\ iiiriti III the iliriotioii of llic arnov. 

h:ut been exceptionally well develojnsl. Iloinitb ndc lock passes into hornldende-scliihl. 
Sandstones, (piartziles, mid shales ht'sniu; timdy miia«e«>us .schists. '1 he .aiinelide Inlx'h 
in the ipmrtzite are lljitliiiod ami diawn out into nbbands. New nniierals, especially 
mica, and even aggregatis of {H'gm.itite i Kig. h-ive hieii atiumlantly developed 

along the sinieriiidticed divisional planes, and, in imniv <a.se‘, theii longer axe.s are 
ranged in the same doininant direction from E.S. H. to W.N.W. 

The whole of these locks have undergone sm li intense ■.hearing ilunng their west 
ward diaplacemeiit that their oiiginal characteis have in iimiiy eases been obliterated. 
Among them, however, can be lecognised bands ol gneis.s whi< h iindoiil»tedly Wlong 
to the underlying Lcwisiari iwries. With tlnse aie inteicalated lentieulai strips of 
Cambrian quartzite and limestone. In .some areas the Tonidon aandstonc Iihh been 
lieaped on itself, sheared and driven westward in large sliee.s, the .sandstones {lassing 
into sericitic iichi.sta and the conglomerates, as above remarked, having their ja*bblea 
flattened ami elongated, while the matrix has lH*coiiie full of aecondary iniea. Some of 
tlie slices of rock thus disrupted and thrust wesiwarda for distances ol m.iny miles are of 
gigantic size. Thus in the we.st of Iriverneas-shiie those of moved I/ewisian gneiss have 
been nappe^ by Mr. Peach over areas of more than 60 fspiare miles without their limits 
being reach^.* Eastwards, above one of the m^iat marked and persistent thruat planes, 

* Summary of ProgrtM of Oeot. Srtrv. for 189S, p. 7. 
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thf? pruvailinj,' rock is a ^ssilo iiiicacfoiw graiiiilitic gneiss or gneissose flagstone 
(“ Moiii*‘-»f liiHt.” |>. S02). All These rocks have a general dip and strike parallel with 
those of the (‘Hrnhiian strata on which they now' rest, and in this res(>ect, as well as in 
their }irevailiiig lithological characters, they jaeseiit the most striking contrast to the 
nsjk.s that uiiconroniiahly underlie the qnait/itesa little to the west. Whatever may 
have hcen their age and original c ondiiion, tliey have certainly acquired their present 
slnicture since (/ainluian times. 

Kroin the reniarkahly constant ivlalion between the dip of the Camhriaii strata and 
the inclination of the leversed laults which traverse thorn, no matter into what various 
posiiiiins the two stiuctiires may have heeii thiowii, it is tolerably cleat that these dis- 
locatiiUih took plaee hefore the strata had hcen seriously disturbed. The jiersistent 
parallelism of the faults, folds, and ]irevailing stiike indicates that the taiilting and 
tilting were ]>aita of one contiiiiioiis pna-ess. The .same dominant north-easterly trend 
governs the stnictuie of the whole Highlands, and rcaj){>eara over the Silurian tracts 
of the south of Scotland and north of Knglaiid. If, as is probable, it is the result of one 
great series of terresti ml inoveineiits, these must ha\c occnricd between the middle or 
close of the Cainhiiaii janioil ami that |)ortioii ot the ()M Ked Sandstone period to- 
preseiited hy the breccias and coiiglomciatcs of the Highlands. When the rocks were 
umlergoing this mctamnrpliism. tlicie lay to the north-west a solid ridge of old gneiss 
ami 'rorridon samlstone w'hich otlcieil strong resistance to plication (A in Kig, 314). 
Th" thrust from the eastwnul against this inlgc must have been of the most gigantic 
kind, for huge slices, liumiieds of leet in thickness, weie shorn oil from the cpiartzitcs, 
limestones, red sandstones, and gneiss, ami were pnsheil for miles to the, westward. 
During this pioct ss, all the r»*eks drueii forwaid by it bud tlieir oiigiiial stnu lure 
more or less eompletely etlaeed. New )daiies, generally parallel with the siirfates of 
limvi'tiicnt, were devebqM'd in ihein, and along these new planes a reariaiigenieiit and 
rccrystalliration of mineral ei>iistitueiits took plaee, lesultiiig m Ihi* produetiuii of 
cryslalime schists. 

East of the line of (iieat Dleii whieli ents Seotlaml in two, ciw s(alliue sebisU form the 
eastern, ceiiti.il, and Siuithein Highhimls l Dalradiaii, p. 'riwuigh their order of 

snei’essioii e.miiot always be nude out, they eoiisisl mainly of wliat were at one time 
sedinieiitai V sti.ita. with iiitu( al.iteil hands o| i'Mieous loeks whn b bau' likewise been 
foliated. 'Plie aiinaiiit ot metanioiphisin wliieb thcN have umleigunc \aiies considerably 
from one pait ot the region to another. In the distibt of l.oeh Awe the shales, 
]»liyllltes, grits, and liniestoiies aie haitlly more altcicd than the fossilileroiis Silurian 
forinulioiis Ilf ’.he south of Seotlaml,* and it is not loo miieh to IiojM- that ill*'' ivc' ve{, 
yield oigann’ iciiiains. Kioin tins tiaci ol niinimnin no'tainoi phisin we pass out w aids 
through ineieasing phases ot alleiation until not lai to the nortli-easl the s-'ime strata 
bee.iiiie tlmionghly eiystalluic .schists. 'I’lm .stages which cnlininatp in this n.ui.sfoiiii;- 
tioU have lu-en studied m the ground to the south east, wlu ie the original sediinelitaiy 
strata aie IoiiikI io lia\e undergone a reni.ukalile senes of lepealed movement'.. 
After having been ibiown into folds and having nmlcrgoiie cleavage, thus receiving 
a first .system ot defmm.itioii, they altcrwards sntlcred imne than one repetition of the 
trentmeiit. They consequently pieseiit sennidaiy, tei ti.iry. and peiliaps even qiiateniary 
strui'tnies that may be asciibod to meebaiiieal mo\einent w 'tli accompanying reeryatalliza- 
tioii. 'riie legioiial met aimn phisin thus pro«lm*ed cannot he traced to the iiiilnence of 
any igne<nis iiitrnsnni. It is not imiforinly diatrilnitiMl. but seem.s to im iease in inteiiRity 
both fiom south-east and north-west towards a N.E. ami S.W. Imo, winch is an anticline 
of the foliation.* 

Throughout the Central Highlatuks the rocks are as crystalline as any pre-Canilmaif 
schi.sts. Yet in many plaeos uiiini.stakablc trace.s «if elastic stiuetnre can be detected 

' Mr. J. R Hill, V. J. (/. .S. Iv. (1899\ p. 47t>. . 

'* ecology of Cowal, ” Me.ssrs. Clough and J. B. Hill, Mrtn. l^irvey, 1897. 
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among them. Tbu.s they include handa of nndaliiMte of giiLs full of u-eil -rounded 
fragiiienta of <|uartz, felspar, (ir other ingreiiieuts, aiidtnea of coarse conglomerate, |he 
large boulders of which (granite, giiei.HS, A:c.} aie wiuppcd lound in a schistose matrix. 
At present there is no clear indication of the age of thcho roekv The only fossils found 
in them are annelide hunows, which have been dctcefeil in the qum t/ites «»f I'ertlishiie, 
l*>lay, and Jura. The linu stonp'., of which two marked baud', on difi'eieni lun ixons tiaverae 
the Highlands fioin north east to A(»uth-wesi, have in gem-ial becmne too ei v'-talline to 
retain organic structures. Zones of grapliitic vhist can be followed bu b)ug di.'.tum es, 
and often leeall the. black graptolitic shales nf tin* linwer Siluiian seiie.. The ofliesos of 
the lieologieal Survey have di.scoveied. v\edged in b«*tween the schi'ts .iiid the gicat 
boundary fault on the .soutliein margin of the llighl iml.'., a cioiip of sli.ita whn h preMiit 
strong roscmblaiiee to .some lanver Silurian n« k.s in the S«uiihein rplaml.s «it Sioll.iml. 
They iiieludc eertaiii t belts routaiiiing /.Vo/m/nrm, ami .iKo .some ptculiar igiiKuis lock.s. 
They shade oil so insensibly int<» the s. IiisIom* snus thal m> saii.sl.ictorv line can be 
tr.iceil iK'tween them. If tiiese stiala aie deliiiitely ideiitilied. as Lowet Silurian, the 
eonclusion may be di.iw 11 that the hte.st delmmjtmn <i| the Highland rocks took jdace 
after the Aremg jkii'hI. and that these joi ks poiialdy imlude metumoi jihiisetl .Silinian, 
(’amliiifvii. ami lue-C.inii'Miii sir ifa - 

'I'he Scottish llighiaieis lmiii''h tmiln i inleiestiiig matnial foi tlic .tudy of tin* 
)»M»hlems of metamoiphusin. in tiie various truptive roiks vvhu h thev imhnlc. Tlui.s in 
Itantr'diiie and .\berdceiish)ie. large masse.s o| rlionte, <liabas,’, arid gahhro cut tlie 
scliists in jilaei-s hut mu du the whole parMlh i with the general strike of (lie ri'gion. 
Their appearaiii ' , though latei than tliat of the rot ks tiiiough wliieli tln'V iiave eonn*, was 
eailier than the Mgional im laiiMirpliism. The di<iiit«* Ims, in manv plaer.s, itself iindet- 
gone gieat alletatioii Its eorniMineiit minerals have unged themselves iii the dueeiion 
of the jiievah lit lolutiori, <iml win ic tlo-v hav«-. piob.dily oiigimilly, sepuiateil into distinrd 
aggiegates, the felsji.ii fuiiiis a kiinl ot lahiadoi -to< k, while the lioiohlende asHiimr-s tin* 
•stim tutwofjM'i left htiiiiblt ude -t hist. Nunn roils bo'ses ot granite and jK*rph} ries likcw lae 
occur, travel sing the dmr itcs ami schists and then foie of still l.itci date. We havealrearly 
seen (t/ab-, p, T'JlI'i that ill the Ntutlnin Highlamis i xtensivi* tuoU of si hist havr* 1 m>«>ii 
*• gianitiHcd ’’ by tin- peinie rtion of gianitn- material into tln in, and esjieciiilly betweni 
tlieir laiiiin.e, ulieieby ihev have betome highly 1 1 vsiallnic gneissc'-. In the Southern 
Higlilamls also Mr. CJ. H.uiow lias found evi'leinc that over ami aijove the eailier wide- 
apread effects of gicat dvnamnal movenn'iifs, a marked amount of melamoi jihiMin of 
the schi.sts may l«' tr.u'ed to the irdlueme of youngei eiuptrd graiitles and gin i.ssc h.*' H<i 
shows that a vast nunda r of pegmatite veins whieli tr.iveise the seliixla may be tiur ed 
into bo.sse.s of intrusive granite or gneiss, tlic gnat mas.s of whieli la concealed below 
gnmrid. He finds that thir-e well rnaiked /ones « .m Im‘ rdtseivcd in the selnsls, of whnh 
the first, lying nearest to tin* main bo<iy of eiupliv. iiuteind. is maiked by an ahiiiid.anc*' 
of ailliraanitc, the next by kyanite, and tin- ouleimost by .slauionu-. lb- Iiaa followed 
the saniu band of aitensi sedinient.rry mateiial a< ross the^o /mna^ wlinli am thus siiown 
to be entirely indejtendent of the original .“timiuie 'tf the r«ii ks. The.-.e oliservalions, 

* It i.s important to note, as showing the relation of n'gional to coiitui:t nn lan.orphlfim 

that every stage ni the development of the andalasite l an b< Irnced m these slati s, though 
no eruptive rock apinrars at the surface. .1. Home, Minrrfif. Mot/, J8St. I liave jiro]H)He(l 
to claas the metaninrphie rocks of the Central and Southern iiiKliliiiids tiy the nurne of Dal- 
radian, for couveniemc of reference, until their true gr ologieal |M»sitioTi sjjall have l>een ileter- 
mined. Address Q. J. O. S, (1891), p. 75, and Bwk VI. Part I. fj ii. 

^ See Annual lieptrrts of OvU. Sort^y for the years 1893, IhOG, and Siimuiary of 

Progress for 1899, p. 67 ; G. Barrow, (/. J. ij. S. Ivii. <1901 , p. 3‘g8. 

* It has now been detinitely ohcertained that the younger granites of the Houth-west 
Highlands are later than the Lower Old Red Sandstone voleaiiic series of ixirne, Surnmnnj 

Prvgtm of Qtol. St(rv. for 1901. 
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which have been extended over many humlied square miles of Forfarshire, Perthshire, 
*nd, Aberdeeiishiie, are of iniu h*iiitercst and iin})ortance as they serve to connect the 
{)henornetia of contact ami leyional nietamorphismJ 

Scandinavju. -In many respects tin* Kcolo^jical structure of the Scandinavia 
pninsula a prolonKatiou of that of tin* Scottish Highlands. The general sequence of 
ancient ro» ks is hroadly siinilai, and the manner in which they have been disrupted and 
metamorphosed closely lescrnhlcs that winch has been established in Scotland. 
Neither in Not way nor in Sweden has the same minutely detailed mapping been 
attmnptcd, which has led to smdi successful re.sulls in the Highlands, but enough has 
been aHccriamcd to show' the geneial tectonic stiucture of the legion and to afford addi- 
tional iifateiiul for ilie comprehension of regional nietamorphism. A line drawn from 
south to noith ihrough the back bone of Scandinavia divides the country into two 
great tracts, which ui e diitiuguishcd by this broad difference, that the western region has 
been the scene of gigantic inovemeiits of the terrestrial crust (p. (193), from which the 
eastern has been compaiatively free. Hence the same formations on tlie two sides of the 
Peninsula present stiongly contrasted aspects. These formations range from the most 
ancient (Aich.ean) gneisM-s through ccituiii ]>re-Canibrian sedimentary groups of consider- 
able tliickncss, then through representatives of the Cambrian, and Lower and Upper 
Silurian formations up to certain red sandstones, which are supposed to be stratigrapliical 
equivalents of the Old Kod Sandstone of Ibitaiii (pp. 898, 9*24). Along the eastern 
belt of territory the succesHiou of the loeks is easily ileterniiiied, f«>r their distinctive 
ixjtrographical characters remain, and the fossilifeious strata have yielded an abundant 
.senes of organic lemiiius, Jii the western belt, on the other hand, owing to enormous 
hori/ontal displacements and nuniut'iniH minor thrusts, tlie various rocks have been 
ruptured, and slices of them have been piislied over each other, wlnle at the suine time 
they have lost their oiiginal lithological asj»ect ami have accjuircd more or less com- 
pletely crystalline stiuctures. The pre-Cambrian arko.se known as Sparagrpite is thus 
transformed westwards into various quart/ose, micaceous, and hornblondic schists, accord- 
ing to its composition, and even into forms of gneiss. The ralieoxoic formations can no 
longer be separated from each other, the shales and .saiukstmies become tran.sfoimed into 
various crystnllino .sebists and qnart/ates, while the liinestuiiesare niarmarised. Yet even 
among the.se intensely altered rocks organic remains have not been wholly effaced. In 
the year 1882 H. Keiusch obtained from the Ilergeii district clear proof of the Siluhaii 
age of certain crystalline rocks in that part of Norway.^ He found among inus.ses of 
luica-.schist, hornblende-schist, gnei.ss, and other crystalline rocks, intercalated band.s of 
conglomerate which, while obviously of elastic origin, have undergone enormous com- 
pression, the pebble.s being squeezed flat and the paste liaving become more or less cry- 
stalline. The occurrence of .such bauds would of itself suggest a sedimentary origin for 
a considerable part, if not for the whole of that series of deposits. Hut from several 
localities he obtained confirmation of this inference by detecting fossils which have been 
recognised as undoubtedly Upper Silurian. Some of them occur in a crysUlline lirne- 

’ G. liarrow, {^, J. xlix. (1893), p. 330. 

‘ Siliirfos.’uler og I*reR.scde Konglomernter i Bergeniwkifrene,’ Christiania, 1882, trans- 
lated into Genimii by K. 3aldauf, ‘ Die fo.s.si]ien-fulm*mleu krystallinischen Schiefer von 
Bergen in Norwegeii,’ Leipzig, 1883. The meUmorphbm of that district is proved to have 
been connected with powerful dynainu’.al moveiiieiits, the latest of wliieh are of younger date 
than the Upj»er Silurian jierloil. l*rof. Brbgger, in a valuable contribution to the discussion 
of the nictainorphism of the Norwegian fjelds (No. 11 of the Sorg. Geot. Under^., 1893), 
recognised the original character of some of the altereil rocks, and to what subdivisions of the 
PalsBozoic formations they belong. U is now admitted that the Cambrian and Silurian strata 
iu the Hardanger section are not really continued upward into the overlying schbta, as Kfiil 
been supiiosed, but that these schists have been driven over them upon a great thrust-plane. 
H. Reusch, J. Rekstodt, and K. 0. Bjhrlyke. Op, eU, Aarbog, 1902, No. 2. See jMutea, p, 970. 
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stone, which is interc&lsted in s dark lustrous phylHte. Hut they are foumf, as oasts, 
most abundantly in a light-grey lustrous niicaoeous soh^t, whiclt, under the iniorosoo]te, 
is observed to be romfMscd in large measure of «]uaitx. not having a fragmental asjx'ct, 
with mica, rutile, and tourmaline. Tin* fossils recognised eoinpn.se Phwops, C(tlym&nr, 
several undetenninablo gasteropoils and hiaehiojKids, i}yiUhophyUum^ HalysUfs 
caUnuIaruiy Fai'oaiUs, Munitfjnij-tus, and some otlien*. More recently 

abundant encriniteH have been found in one of the schistji among the high fjelds near 
Sulitelina on the Swedish fiontier.* 

Ardennes, — As far buck as 1S48, Dumont published a desciiptiun of the Helgian 
Ardennes, in W'hich he shoiAed that a zone of hi$ “teiiains ardcnnai.s et ilubinn,” had 
undergone a remarkable mcturnorphism. Sandstom*!!, in appuwichmg this /one, wcie 
transformed, he said, into (jiiartzites, and by ilcgtees pas.scd into locUs chaiactciiscd by 
the picsenco «»f garnet, hornblende, and other minerals, the niales ^phyllades) gradu- 
ated into dark locks, in uhieh magtietiie, titanite, ami ottrelito had been developeil. 
Yet the lo.Hsiliferous churactci of the strata thus nietanioipiiosid liad not been destroyed. 
In specimens showing a gr.idation from a grit to.ieompaci gaineiifeious and hornhleiidie 
quaitzite, I’nifessor Sandlwrger, to ulumi they were subimtl* d. leeognised lln* jnesiMice of 
the two Devonian shells, Spinfer muciupkfUH and ('/loueO t siunuulatus. “The gurnets 
and the ff»ssils ale associated in the same -peeiinen, ’ he wiote, adding, “ wh<», after this, 
ean he.sitate to uilinit that the ny.stalline s< hists and quart/ites of the Huiidsniek and 
'ruuniis are likewise metanioi phosed T.iunusun naksT "'' 

In M. Ken.iul. f»M titled uitli tin resourceH of iinKleiii ]*» trograpliy, renewed the 

examination of Dimiont’s niclamorphie mea of the Ardeiims, and eonolusively eHtablished 
the accuraev of all the muin facts noticed by the eailiet obaervor. Not only do the 
geologH'ul .structure of tins region, and the oecurreme of recognwiblc fossils, show Unit 
the rock.s, now transformed into more or k'.s» eiystalbne masses, were onginally parts of 
the ordinal y serie.s of Devonian samhUuies, greywackes, and shales, but llte mioroscojxj 
comes in to eontirm tins (onclusioii. The original « lustie grams of quart/ and the diffused 
carbonaeeou.s material of the unaltered strata i an still be lecogni.scd in tlnir’ metamor- 
phosed equivaleril.s. Hut there have la'cn <leve}opeil in them ahniidant new minuralK — 
garnet (1 to 2 nun.,, hornblende, rinea, titamte, ajMiiie, ha.stointe, ottudite,* 

Dumont upi>eHrs to have believeti that the inetamorphism which In* hail traced so 
well in the Arduinies was to be attributed to the influeTus- of undei lying masses of 
eruptive rock.s, though he fiaiikly admitted that the nietumorphisin is less nuuked where 
eruptive veins have made tlicn appearance than wfiejc ilmy have not * M Hcnard, 
however, jKiinte<l out that eruptive rotks aie ually ab.seiit, and tliat the association of 
minerals proves that the njetainorjihosi <1 rock*- could not have been softened by a high 
temperature, a.s suppos*-d by Dumont, otherwise the simultaneous presence of giaphito 

* II, Sjogren, (I'eul. Fortn. ^orkk»liii, x>ii. (1900;, pp. 105, 437. The stnulure of 
Scandinavia and the succession of its older rucks aie inoie fully liiscussed in Hook VI,, 
pp. 898, 924. 'Hie effects of ilyDaiito-inelaniorphism uiuong the rocks <tf Scania have 
been described by H. Backslrorn in hw niennnr on Vestan^ citwl un(e^ p. 782. He thinks 
that they have more or less affected all the na-ks of the district, but only here and there in 
strongly pronounced degree, while coutact-ineUniurphioiu lias been general among the sedi- 
inenUry rocks. He points out that the youngest gncihs. with its oveilymg quart/ite ami 
tuff, which must once have covered an exWnsive area, has been in large measure removed 
by denudation, except where these rocks have l>een [dotectwl by a covering of the daqier 
seated and more highly metamorphosed gneisses which have Wen upthrust upon lliem. 

* yeiuM Jahrb. (1861), p. 677. 

* Renard {BiUt. Mw. Roy. Hdgiqw, i. (1882), p. Uj estimates the components of one 
of these altered rocks to W: graphite, 4*80; apatite, 1*51 ; titamte, 1*02; garnet, 4T4; 
mica, 20*86 ;*honibleiide, 37*62 ; quartz, 30*62 ; water, 1 32=: 101*88. 

* Renard, op. cU. p. 84. 
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«ticl with |»rotuxi<lu iron baws, oiicli nii mica, hornbli-iule, kc., ^vould certainly 

have ^iven rise at h'Hst to a [laitml pru^luctiuti of metallic iron. He connected the 
metamor]>liisru with the mechanical movemeiitH which the rocks have undergone along 
tlie altered yi)ne.‘ 'I’lio nu‘tainor{.hism of thia tegiun wa.s afterwards discussed by 
I'loh'ssor tJosselet, wlio al.so regards it as due t»* dynamical causes.- 

Taunna. A similar examjde of regional inetainor|ihi.sm extends into the tracts of the 
Tanniis and Iftindsi nek. In 18(>7 K. A. Ii<>.s-^en publisliod an elahoiate memoir on the 
Htnictme of the 'rdunus, which is now of classic interest in the history of opinion 
rcgaidiiig mclanioi[>liisin.-‘ He showed that below the middle Devonian limestone, the 
usual lowei Devonian «.lates, gieywackes, and quarUites rise to the surface, but that 
those, tr.iced southwards, pass giudnally into various crystalline schists. Among tliese 
schists, ho dislinguished sericitc-giieiss, mica-schist, phyllite, knotted schist, augite- 
schist, scricite-liinc-pliyllitc, ijnart/itc, and kiescKchicfcr, As intermediate grades 
lielwecii these crystalline masse.s and the ordinary aplastic strain, he ohserved ipiartz- 
Coiigloineratcs, with a crystalline sidiistose matrix, or with albite ciystaU, and ijuartzites 
with Henoitc or mica. Ho conclmled that while these crystalline roi’ks present the 
most compleU* analogies with those of the Aljm, Silesia, Brazil, Ac., they aie yet so 
intimately hound up idikc petrogruphically and stratigraphically witli stiata containing 
Duviniian ^o^sils, and into which tlicy pass by semi-crystalline vuiicties, that they must 
ho considered us of Devonian age. Suhsoquently K. Koch [iioposod to regard tlie 
crystalline schists of the Taunus as Cainbriuu (Huronian),^ ami they have been indicated 
on the (icological .Suim'v map a.s Cainhrian or Silurian. But the fact that a contorniable 
sequence can ho tiaced from iiinlouhted fossilifeious Devonian strata dowuwaids into 
thcao ciystallino schists makes it immaterial what stratigraphieal name may bo applied 
to thoni. 'I'licy aro almost certainly Devonian, as hosseii described them, and in any 
case, tlicy aio umiuestionuhlv the iiietamurphosed eijuivalentH of what are elsewhere 
ordinary scdiniontaiy sliata. 

Tho Alps. — In the gooltigical structure of the central Alp.s, ciystalliiic schists play 
an important pait There can he no doubt that .some paits of these schists rejiiesent 

‘ r>/i. «•»/. p. :J7. 

Soo his great Moiiograpli on the Ardenne.s, Mfoi. Carte deal. Fruiiri\ 1888, chap. xxv. 
More recently 1‘rofossor Ueiiard is mchiie<l to llmik that at least some of tho observed inetanior- 
pliism may after all be due to igneous nn'ks concealed iHUieath ; but this view is strenuously 
combate<l by Tiolcshor tJosselgt, who give.s .several cogent reasons for hi.s convictions. See 
lliifl, S(h\ Ileije (h’i'l. tome xii. (1898), pp. 214-220. 

“(JeognostiM he Beschreihuiig der hnk.srheiiiischen Fortsetzung de.s Taunus," &c., Z. J). 
(V. (*. MX. (1867), p. .WJ (1885), p. 29. E. Geimtz (ap. rit. xxviii. 1876, p, 643) describes 
the occuireiice of well-marked OrfAuv in a greenish hornblende-schist, consisting of quartz, 
hornblende, and octohedra of inugnetite. 

* See IjOssen's reply, Z. iK U. (V. xxix. (1877), p. 341. He argues convineiiigly against 
the supposition that these can be original chemical deposits of Cambrian age. (See also 
Kennrd, Hull. J/iw. Roy, i. p. 31, note.) 

^ See Lory, ‘Description geologique du Dauphiue’ (1860), Part i. §§ 40-42; Compte 
rendu Comjrti (itvloyiqve Intenuitimrd, Paris, 1881, i>p. 39-43 ; livU Soe. dial, France^ 
3e serie, ix. (1881), pp. 652-679; Favie, ‘Recherches geolugiques daus lea parties de la 
Savoie, Ac., voisines du Mt. Blanc ’ (1867), chaps. xxL xxiv. xxv. ; A. Muller, Mini. l^oc. 
d'lJist. Xat. Bdie, 1865-70 ; Sismonda, Real. Acad. iki. Tvrin. (2), xxiv. (1866), p. 333 ; 
A. Michel-Levy, "Chaines dea Aiguillea Rouges," B. Carte. dM. France, iii. (1892), No. 27 ; 

L. Duparc and L. Mrozec, "Massif du Mtt Blauc,” Mfm. Roe. Phya. J(Ut. AaA Geneva, xxxiii. 
(1898), pp. 112-171; P. Terniier, B. Cart. Givi. France^ ii.’ (1891), No. 26, p. 76; 

M. Bertraud, CSmpt, rend. 1894, p. 212. The Palaeozoic and Secondary age of part of the 
schists of the Alps is enforced by Heim, ‘Mechanismus der Gebiigsbildung,' 1878 ; (kmpt. 
rend. Conffiia Otol. International, London (1888), p, 16 ; Nature, xxxviii. (1888), p. 624 ; 
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what were once sedimeutarv strata, while others aij not improbably altered fotms of 
igneous rocks which were contemiwiaueously or buhsTquently intercalated among thorn. 
As regaids their geological age, however, much diversity of opinion exists. Soma 
writers claim them as of pre-Cambr»aii date, while others think that they may consist, 
pel haps in large measure, of Paheozoic or even younger rocks. 

Tliat a nucleus of crystalline schists ulreath' existed in the Alpine region before the 
de|>ositiou of the Carboniferous formations is abundantly clear. No one, for instance, can 
cross from Vernayaz in the Rhone valley by fin Hant to the Col de Halnie along the 
band of Carboniferous stiutu without enooiinteiing excellent sections of conglomerates, 
made up of the dcbiis of the whists, Ami even lying on these rucks UTicoiifonuAhly. 
The rnetamorphism whioli iias so gicatly atrecied the P.il.eo/oic ami Mesozoic formatiuna 
of the central ami ensterii Alps is Inudly appieciabb- in this port of the chain, foi tho 
Carbonifeious coiigloincrati'.s, thuugii they have obviously been inucb cruslied, cunnoi be 
oallctl luetamorphic, wliile tin* gu'ate'i <‘liange undergone iiy the <*arboim»’eous shales is 
tlieii alteration into silky pliyihte.-*. The .liiiassn* limestones that flank tliein likewise 
retain their blue lint ami dull e<)m[«ut texture. X(»t far to the south, how-over, the 
continuations of the same stiata liave undeigone inoie change, for ut tlie well-known 
locality of Petit ('u ur the plants so abundantly aini admirably ]*reseived in bla<*k schist 
have bad their miginal sub'^tanetj leplaicd b\ a white hydroms nina.' Throughout tho 
Aljiinc r.irboinreroiis l»amis, wlnie tos-il plants occur, they usually .show, by tho extia* 
oidinaiy 'vay lu which they have been <lefoiiued, the uileiiHity of the shea i iiig .stresses 
to which the loek.s ha\c been subjccteil • It is m the eastern part of the chain, 
however, th.it the iiietaiiioi phisin ol tin- Caibonileion.s bnnd.s appeals to be moat 
developed. .V detailed iii\esti«atitm «d’ the geoUstiOim and petrograpliical reliitioiis 
of these io(k,s was (ariiMl <mi in 1S.K2 by the late I) .stui, Dueeior of the Au.stro- 
Hungaiian Cudogieal .Sut\ey, and ll.iroii \iin foullon.^ On tlie mutliern border 
o( the Slyii.iii Alps, lieai I eobeii, a gKuip of ( i\ vtalliiie hcbists 10,1)00 to lit. 000 
fee", tliiek reclines steeply (but it is .sud « oiilxrmably , against gmdss. It consists of 
pliyllile gneiss, Tnica-.schisi, .imi ehlonte schist, with lour itamlsol daik grai)hitic m-hist 
and one or two .seaims tif lum Mtme. The plant bearing giapliitic sebist is full of plaiit- 
reniavns /Vc<///en.s /oih'lofno, /.({m/iH/nuiton phletjuiarot, 4e ). Tho 

association of i)l.'inf,s umi the oc( urn nee of b.imlh of giapbite, reprehcntalive doiilitless of 
foiiiur beds of c<ial, indicate that thtse cai boii.uc<ius na-ks belong to the well-known 
Schatzlei gioupof the lower i;<ial serie.s of Sib-sia. The whole suci ession of whi.sts of 
which tliese ])lant-l>earing hed.s ar- inembei.s, foiiiis one continuous groiifi, which 8tur 
lecognised a.s tiacealde lor a longdistance on the noilliem margin <d the leiitrul lange 
of tho north-eastern Alps. He insisted that this gioup of schists ••.lunot be the result of 
original chemical depositioib but, ou the eonlmi}, that It is sliown, by a great aeries of 
facta, to be the metamoi pho.se<l equivalent of what, elsewhere, are unaltered (Carboni- 
ferous strata. The distortion of the toasils. which pro^es that the looks have beliaverl 

(A .S. xlvi, (1890;, p. 216; Uniheurnann, Mifthal Thunjanischoi Xutur/, OfteUsch. 
Heft viii. (1888); Baltzer. ‘Reitiuge zur Gcol. Karle der JSchweiz,’ No. 24 (188 n). The 
volumes of these “ Beitrage " contain ainjde details regarding the geological structure of the 
Swiss Alps. Professor Bonney 1 oUK th.at the cryNfnllim schists <»f the Aljw are older than 
the Paleozoic rocks, which c\en where altered eaii .ilways. ho thinkN Ik* distinguished from 
true schists. Address, (j. J. d. ,s. vol. xlii. 1886, p, 66 ; xlv. 1889, p. 67 ; xlvi. 1890, p 
187; xlviii. 1802, p. 300, xli\. 1893, p. H» ; 1. 1894, pp. 279. 285; (AW. 1890 
p. 533. 

* Favre, ‘Rechercbes G^-ob’ iii. ji. 192. 

* See Heer 8 ‘ Flora Fo«.silw Helvetia^ ’ (Steiiikoblen Hora), I*latc iv. Fig. 1 ; \ Figs. 1, 3 ; 
viii. Figs. 1,^; xiii. Fig. 1, Ac. 

* Jahrb. Rfichsumt. xxxiii. (1883), pp. 189, 207. »ee also Toula, Vrrh. fW. 
lUktuanit. 1877, p. 240. 
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for fossils in the scliint envelope of the central Aliiinc gneiss. i „ -f 

Liron von Konllon closcnheH the petrographical characters of the various ^ 

the uroun ot schists in nhich the plants occur near Leoben. As to the thorougbly 
crvstalliilo character of the phyllite-gneiss, mica-schist, Ac., there can be no disimt . 

l« .■.H.nKl. l.. re to refer brioBy to tlio . onslitutiou of the 
tlie olai.te oreur llaiol-»|«'< iineii» iireeciit a anil fraeture. on winch none of tin, com- 

,,onent» eKc,-,,t the graphite, . an !« revogniwa, though aon.etimes they show a gieema^ 

ihrons, ««l«st,for>n nnneral. In thin slnaa, the lock is seen to be eo.n,K.sea of .p.arU 
urains el.loriloia, an ashesfcs-like siihstance, and a nuc. witli abundant elay-»>»‘« 
fnic.ol’ites," and dinuse.t eailiouanons matter. It lescnibles the niica-chloiitoid-sclnsta 
of tlic Tauiius. Some of tl.e .■liloriloid seliists or ,|unrls-phyllitP8 associated with th 
idailt-lieariug hall.l are also grapliiti.c I'etregraphieal iuvostlgatioil tlms concurs » it 
It ^tratigraphi.al evi.h uee to‘ prove that a traet of crysUllline schists in the north- 
oiiitcni AUh consists of metainorpliosea Carlionifeioiis rocks. The evidence of inttns. 
mechanical movenu-ut and the ahsen<‘c of any nulicatioii of the inHuence of erup ive roCks 
combine to imlicatc that the inetainorpliiMn of these stiata is an e.Numple of regioim 

nutamoiph^isn^^ Alj-s the Trieste strata present gieatcr evidence of mtdamorphism 
than the CaihoniIcKms deposits which umleilie them. In the fhain of t ic Aiguilles 
Rouges near Cliamounu, M. M ichel- Levy has ohseivcl that, the arkoscs ot this series 
hav^icen so eiushc.l ami altered that they can haidly he tlist.ngnished from the more 
aneient orystallme schists. They have acquired a laminar stiucture with » ^■‘7" ‘‘"‘"I'* 
tion ol seiicile, chtoiitc, iion-oies, and qiiait/, and in this tianslmmed condition alternate 
Mith hands wlnrc the allei.ition has not advance-1 so fai.’-’ The so-eallcd “.sehistes 
lnslices”or •' Hnmlneischierer ” -d the Alps are helievod liy thov geologists who have 
i.rnst -'los-dy slmlic-1 them to he inetainoiphic e,pinalents of Mune part of the va.st scries 
of formations hetNN--cu Ai. ha*an ami Koccnc. They haw been so thoroughly nmd.hed 
as ti. m-icss in miiiv nl.iccs tin* wholly crystalline stiuctuie --f mica s. l,ist or honile, s. 
The following pctiogiaphic.il typos aic i.vogniscl among them: ( 1 ) mu*aceons calm 
,,h\lhtc. sonn tinn-s cont.tining Iragincntaiy cchimulcims ; (-) calc-phjl ite 
clintonitc or f.*Npar ami enclosing ci hinodcrms, hclcmiiites, and ranliiiin ; (3) black 
clinlonitc’phvllno ^^ith h-lemn.tcs; ( 4 ) /oisitc and garnet -phyllite uith iHdemnites ; 
(r>) gaiin-l iiinl /-usit-* hornfcls ; (d) -pmil/lcss schist containing two micas, with 
kvamlc, /oiMlc. -•phlote, ami slauiolUc : (7) quart/ose n.ica-schist with gainct, 
actimdilc. staui-dit-*, k) unite, cpidute, /oisite, biotitc, plagioclasc. tourmaline, Ac. ; 
(S) actiin.liln* qn.ul/ite. (>nl> m the tiist f-mr t\]H's have fossils been louml. This 

' Ho hut. No.irs lielore this, aunounoed his Iwhef that thf schistose^ envelope 

(Sohiclcilmll*d of ihe Alps protiatdy rt-presonts Pal.eoioio rocks. St.ache, in 18/ -I, wrote 
Hut “tin* -incslion now is Imw tar Hamlaiau or Silurian rocks aic represented,” yaArft. 

J{n,h^. 1871. p. lf'9. lu 18SI ho thought that the epim stallinc condition of the 
sSilun.u/i.'.. ks in Uu* Alps might W duo to original crystalline precipitation. X. D. </. 

p 3'»d Ih H.uTins ha-sinore recently pul-lishe-l an e\c»dleiit paper on the meW* 
iMorpldsn.’of the StMiaii gr.iplnle, m which he -IwelU upon the evidence for the regioi^ 
uielumorphiMu so well descr.he-l by Foullon. He thinks that the Iransfonnation of the 
Uott--umauner granite into gnei.ss and the coal into graphite belong to one of the youngwt 
perimls in geological history, ami form part of the late plicntion-inoveinents of the Ali^ 
which, as .shoMu m the tre-iuent eartl.quake.s. have not yet come to a state of re.st. MUth, 
Aa/ r.vr//^ 1900, pp. 90*131. 

- Michcl-Lcv\, Ji. funice^ iii. No. 27, p. 29. 

^ [\ Schmidt' “ livret Guide dans la Suisse,” Ctnujr. GM. Intemai. 1894, p. 140. 
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meUmorphiam begins on tb« outer flanks of the A]|>ine chain and increases towards 
Che central mountains. Tlie Llassic idisles by degtwa become micacised and 
lose their fossils, while the limestones aesuroe a jointed aspect and tinally pass 
into a completely crystalline condition. In the Vand Alps, the WlemniU's of tlie 
middle Oxfordian shales gradually disappear in propitrtion as the rock becomes more 
schistose, till at the DiablereU it is an almost ctystsdline sericitic schist* The Eocene 
strsts, also, under intense compression, have assumeil the character of slates, which are 
worked for economic purjioscs.® Dr. Rothpletz, as the result of his study of the 
Biiudnej'sehiefer of the central Alps, concludes thst they (“om prise («) marbles, dolomites, 
and calc schists, o( Archa'aii age, which alternate with true gneisses and mica-shists ; 
(&} inarblea, dolomites, calc*, clay*, and qnarUite • schists, and diabase* schists of 
Palteoxoic age ; (c) duloniites, limestones, and schists, which arc of Triassic age and lio 
unconformahly on the Paheozoic series ; (r/) limestones, culc- and clay-slates, sandstones, 
and congbinerates, which in great jiart, if not entirely, belong to the Idas. The fossils 
in the Palapozoic series are indeterminable erimed ivmains, those in the Triassic division 
cannot lie B{H‘ciri<'ally identified, hut from the Liassic senes a number of characiei iwiic 
8|>e('ies of the Lower and Middle Lias have heeti obtained.* 

tireece.— In tlie(lre< ian ]H>iiinsula, vast iiiav><*a of chlorite-seliist, mica-srbist, and 
gneiss occur, with.tiiiek interat rati lied zones of marble. In the caleareons zones fossils 
have been found which, though not well prescrvctl, show that the rocks belong to the 
fossiliferous »enc.s of formations, an<l arc not pre-Canibriaii. These crystalline rocka in 
north-eastern ( Jrecte lie on the strike of normal (‘retaceous hippiinie liniestoiiss, sand* 
stones, and .shales, and are |iioitably, at lca.st in |Mrt, of ('retoceons age,^ 

Green M oun tai ns of New Kiiglaud.- The Cambrian and Lower Silurian strata, 
which to the iioitli in Vermont are comparatively little cliaiigtHl, become increasingly 
altered a.** tlie> aic tract d southwards into New Y<»rk Island. They siv thrown into 
shaip folds, and even invcited, the direetion of plieatioii being generally N.N.K. and 
S.S, W, Thi.s tlisturbanec lias btv-ii ai’coiiifiaiued by a marked crystallization. The 
limestones have Is eoine laaiblts, the sandy beds r|iiart/ites, and the other strata have 
a.ssumed the elisiaeter of slate, nite.a-s( hist, rhlorite schist, ami gneiss, among which 
honibleiidie, sugitie, liyjM rstlienic, and eh rysoli tie zones uttcur. The geological horizon 
of tlie.se rtK-ks is shown by the diseoveiy in th«;m at various locahtie.s of fossils belonging 
to the (HeiW’itUH /one of the ( 'aiiibi inn ami to the Ticiiton and Ilmison Kiver suMivUions 
ofthe Lower Silurian system of ea.stern North America. The locks have been ridged up 
and altered along a Indt of country lying to the east of the Hudson and extending 
north into Canada.* .Since the oiiservations of Dana cited l>eIow, the ground has been 
workeil out in eonsidorable detail by niemlietb of the Geological Survey of the Unitwl 
States. The Lower Cambrian age of the lower |>art of the great quartzite of Vermont is 

* Itenevier, li. S. ii. F. (.}), ix (1«81), p. ; >vii. (1898), p. 884. 

* Lory, op cit. ix, (1881) p. 

* “ Ueber das Alter der Bit ud tier sediiel’er," Z, I). </. <»' 1895, i. pj». 1-59. 

* M. Neuniayr, Jahrft. f»W. Hrichmnat. xxvi. (1878), p. 240. Z. JftutMch. U'mf. Vva, 

-vxxiii. pp. 118, 454. A. Bittner, M. Neuniayr, and K. Teller, /MoLkA. Ahul. xl. 

(1880), p. 365. R. l>e)» 8 iu«, in hU great mouogiaph *Attika.’ A useful eorn])endiuni 
of informatiou reganling the geology and physical geography of Greece will lie found 
in the volume already cited, ‘ Physikalischc Geographic von Griechenlaud, mil liesonderer 
Riickaicht auf das Aiterthum,’ by C, Neuinann and J. Partsch, Breslau, 1885. 

* See Duia, Amtr. Joum. Sci. iv. v. vi. xiii. xiv. xvii. xviii. xix. xx. ; 9 . J, Q. ,S. 1882, 
p. 397 . The identification of the sO'Calleii Taconic Hchisls of New England with altered 
Lower Silurian rocks wm calletl in question by Sterry Hunt, but the stratigraphical evidence 
collected by t Wing, Dana, R. Punqielly, J. B. Wolff, T. N. Dale, B. K. Emerson and 
others, and the testimony of the fossils collected by Dana, Dwight, Walcott, Ac., have 
BQstained it. 
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shown by the occurrence in it of (UeTull'M, The basement of the Cambrian series in Old * 
Hampshire county, Massachusetts, is recognised by Professor Emerson in a gueissose 
oonglonierate which graduates upward into the quartzite and lies uncoiiformably on an 
older (Archsean) gneiss. Above the Cambrian quartzite the Lower Silurian formations 
are represented by a conformable series of sericitic, amphibolitic, chloritic, and other 
schists, which in turn are unconformably overlain by an upper group of quartzites, lime- 
stones, garnetiferoua mica-schists and clay-slates, which are regarded as metamorphosed 
Upper Silurian strata.* 

Menominee and Marq\iette Regions of Michigan. — In one of the most 
luminous essays yet published on the megascopic and microscopic proofs of dynamic meta- 
morphism, to which reference has already been made (p. 790), G. H. Williams proved 
that a series of pre-Cambrian rocks of eruptive origin (greenstones, tutfs, agglomerates, 
Ac.) have been converted into perfect schists.’* The various stages of alteration are 
minutely detailetl, and careful diawings &re given ot the mic'roscopic strnctuics. The 
deductions arrived iit by the author have far more tha»i a mere local significance ; they 
lay an accurate basis for the study of similar “greenstone-schists” in other regions, and 
show how the original eruptive character of such altered rocks is to bo recognised. 

It may be useful to group the foregoing and a few other examples of regional meta- 
morphism in stratigraphical order, that the stinlent may see over how wide a range of 
the geological formations such tranifformation has taken place. 

71 * 77 ut/ 7 /.— Northern and Cential Italy. — Nummnlitie limestone rendeied siiecliaroid, 
and strata (iiiiduding Mio«-ene) geneially more imluiateil in juoportion to the 
extent to w’hicli they have been folded ami disturbeil. ’I'liese changes which 
indicate an incipient metuinorphisin are well displayed in the Ai»uan Alps and 
in the Apennino.s.-* 

Greece. - C'hhirite-M’hist, mica-schist, maihle, serpentine, &c., believed 
to be altered Grctacoous .sandstone, .shale, limestone, Kv. (p. 803). 

Toast range of California. -Strata containing Cretaceous fo.ssils jiass into jasper's, 
siliceous slate (phthunite.s), glaucopbanc-schist, garnctiterous mica-schist, .sei pen- 
tine, Ac.* 

JuniRsic. -- Alps. — Sci lcite-.solii 8 ta, altered limestone'*. »tc. (p. .’'(i3). 

Siena Nevada (California). — Clay-slalcs, talcose slates, .serpentine, Ac., pa.ssing 
into rocks containing Jmas.sic fo.ssils ® 

T’nVw. — Sierra Nevada (Spam).- -Clay-slate, inica-.scbi.sts. talc-scljjsU, and limestones.'* 
Italy (Carrara, Ac.), -Mica-schist, talc-sclii.st, marbles, ])as8ing down into lime-' 
stones containing Emrtnns filii/ormis, rhyl/oirms, I’tn/ai'nnns, below wdiicli 
Ho gneissic and other schists enclosing Oithocrntu, Aitnuurnu^, and evidently ot 
Paheozoic uge.^ 

* Mes.srs. Pumpolly. Wolff, and Dale, ‘Geology of the Creen Mmmtiuus m Mas.sachusetts,’ 
Monograph xxiii. of T. N. (rVu/, Sorv. 1894 ; B. K. Emerson, ‘Geology of Old Hampshire 
County, Massachusetts,' Monograph No. xxi.\., 1898. 

“ Bull. U.S. iieol. Surety, No. 6*2, 1890. 

* Lotti and Thiociigno, Boll. Comil. Utiil. d'lUtlia, 1881, p. Ct. Lotti, ihiil. p. 419, 
B. S. a. F. xvi. (1888). p. 406. 

■* Whitney, Ueol. Sun. Cali/ornut, “Geology,” vol. i. p. 23. G. F. Becker, B. U.S. G. S. 
No. 19 (1886); .Iwer. Jouru. Sci. xx.\i. (1880), p. 348. “(Jeology of the Quicksilver 
Deposits of the Pacific SIoih*,” Monograph No. xiii. of U.S. Ged. Surrey, 1888. 

“ Whitney, op. cit. p. 225. J. S. Dilier {B. U.S. G. S. No. 33, 1880), accepting the 
general view that at loa.st a portion of the auriferous slates is Mesozoic, hugge.sts that part of 
them may Iwi Carboniferous, or even older. 

* De Vorneuil, Bull. Sor. Gtoi: France (2), xiii. p. 708. R. von Drasclie, Jahrb. Ged^ 

Rtirhmnst. xxix. (1879), p. 93. The identification of the'ie iwk.s with IViassic beds is a 
piobable conjecture. * 

' Cotnuuid, B. S. G. F. (3), iii. p. 20 ; iv. p. 126. Zaccagua, Bdl. Coin. Geol. IttU. xli. 

881), p. 476. Lotti, op. af. p. 419, Plate ix. S. Frauebi, Ojp. eiV. 1898, Nos. 3 and 4. 
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Alpa.— Limostunea, dolomites, and gypsums rendered crystalline, associated with 
calc-mica-schist and other varieties of schist (p#802). 

Punjab.— Infra-Triassic rocks overlain by a series of gneisses and schists.^ 

farinnu/erous. —Alps.— Graphite-schist, phyllile-meiss, Ac. (p. 801). 

Eastern Brittany. —Curlvoniferons shales altered into crystalline schists.'* 

ZViwitan.— Taunns.— A largo series of crystalline schists (p. 800). 

Ardennes.— Crystallitie schists with garnet, hoinbleiide, mica, Ac, (p. 799). 

Silnnan and ('amhrinn. -Scotland. — A great series of crystalline schists overlying 
quartzite and linicstonca with fossils (p. 792). 

Norway.— ^A series of schists rc.seinbhng those of Scotland, lying upon and inter- 
stratified with fossiliferous hods (p. 798). 

Green Mountains of Now England. — A gieat group of schists, qm^rt/ites, and 
limestones with fossils in sonic beds (p 803). 

Saxon granulite tract. — Schists, schistose conglomerates, Ac.'* 

South Wales.- -A tine foliation of the tuffs, representing an early stage of regional 
mctamorphiwni.'* 

Prr-Cnmhrian {Archiran), — Scotland. -Sandstone and arkoso passing into lustrous 
crninpUsl inicaccous schists (p. 7sili. Some of the Atchiian gneisses and horn- 
hlonde rocks of Sutherland have had a iiev\ schistosity Huj^enriduced in them by 
the shearing movements that altered the ('rtinlman strata (p. 88f>, Jirq.), 

Michigan. -Eruptive rocks convmted into schists (see above), rouglomerates with 
elongated pebbles in a matrix of sericite-sehist.* 

Summary. — From ihu evidence now adduced the following con- 
clusions may he conHdeutly drawn. 

1. There are wide regions in which crystalline schists (n) overlie 
fossiliferous strata, or (/>) contain intercalated hands in which fossils occur, 
or (r) pass cither laterally or vertically into undouhted sedimentiiry strata. 

•J. These schists are in some eases the metamorphosed equivalents of 
what were onee ordinary sedimentary deposits, M’ith frequently included 
igneous rocks, 

3. The alt<‘ration hy wldeh ro< ks have been affected in regional meta- 
morphi.sm is, mi the whole, .similar in it.s stages t/) what may ho traced 
in local melamorpliism round hos.ses of granite, hut has attained a much 
greater development. 

4. Kegioiial metamor[)hism has been directly connected with (a) 
enormous pressure leading to little or no molecular crushing, hut with 
some shearing mo>enicnt in the lock ; or (//) with intense compression 
or tension, under whieh much slieaiing ami rupture have taken place. 
The former or statical phase does not prodm-e such striking results iis 
the latter or dynamical phase. The metainorphism is usually most pro- 
nounced wliere, as .shown hy jdication, puckering, and shear-structure, 
the rocks have been subjected to the greatest mechanical movement. 

5. The dynamiciil stres.scs have been generally, perha])s always, 
accoinfianied with more or less chemical reaction, not, a.s a rule, iinolving 
the introduction of new chemical constituents, hut consisting cliicHy in a 
recombination of those already present in the rocks, with the consofjuent 
development of new crystalline minerals. 


' A. B. Wynn.-, iieoi. Mag. ISSO, p. ait. 

® tJ.innettaz. UnU. Sar. France (3), i\. * l^SJj. p, 6 19. 

•'* Lehniann'.H work i ite4 onle, p. 78.‘i. * J. (•. S. xvxix. (1883), p. 310. 

“ T. M. ^Clements, H. L Smyth, and W. S. Ba>lt*y, “The t'ry.st.-il Fall-s Iron-lM-ariiig 
DMrict,” 19/A Ann. Rep. V.S. (}, S. 1899. Sec alw the papt-r by C. K. Van Ulse cited 
p. 790, 
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6. This chemical and mineralogical rearrangement has probably been 
superinduced under the inffuence of moderate heat, and in presence of 
water, and is comparable with what, on a feeble scale, can be achieved in 
the laboratory. 

7. The alteration of rocks in an area of regional metamorphism is 
often strikingly unccjual in degree even over limited areas, being apt to 
attain sporadically a maximum intensity, |>articularly in tracts of greatest 
shearing or plication, whde in other areas, the original clastic or crystsl- 
line characters may be easily discernible. 

H. The nature of the alteration has depended first, and chiefly, on the 
original character and structure of the rucks affected by it ; and secondly, 
on the nature and intensity of the meUunorphic activities. Of some 
rocks (sandstone, carbonaceous shale, coal), the original condition may be 
recognisable when that of their associated strata has entirely disappeared. 

9. The foliation in a tract of regional metamorphism has been 
develo})cd along divisional plane.s which guided the crystallization or 
rearrangement of the minerals. In some cases, these planes coincide 
with those of origimd dejmsit. In others, they may represent cleavage, 
as was long ago pointed out by Sedgwick and Darwin. Or they may 
indicate the planes along which, under intense pressure, the longer axes 
of crystallizing minerals would naturally range themselves. In a rock, 
homogeneous in chemic.il composition and general texture, foliation 
might ho induced along any dominant divisional planes. If these planes 
were those of cleavage or of shearing, the resultant foliation might not 
appreciably differ from that along original bedding planes. ^ But it may 
be doubted whether a cleavage foliation of clastic sedimentary strata 
could run over wide areas without sensible and even 'very serious 
interruptions. In most large ma.sscs of sedimentary matter, the usual 
alternations of ditferent kinds of sediment could not hut produce distinct 
kindi^ of rock under the influence of mctamorphic change. Where 
foliation coincides with cleavage over large tracts, it will almost certainly 
be crossed by bands, more or less distinct, coincident with the original 
bedding, whether of sedimentary or of eruptive rocks, and running 
oblique to the general foliation, as bedding and cleavage do, save where 
they luay happen to coalesce. Where a massive rock of generally 
homogeneous composition, such as a felsite or granite, has been intensely 
sheared, a rearrangement or recrystalliziition of its minerals has taken 
place along the pianos of shearing. Such a rock is thus transformed 
into a schist. Even rocks of much more varied structure, like Archeean 
gneisses, have been subjected to such changes from shearing as not only 
to lose entirely their original structure, but to acquire a new foliation 
parallel to the shearing planes (p. 888). 

It is now gcnei’ally agreed that many gneisses and other forms of 
schist have l)een formed by dynamical action out of deep-seated masses 
of igneous rocks, both acid and basic. The banding of these rocks, 
which was formerly regarded as evidence of aqueous deposition, is no 

^ Jaunettnz points out that the cleavage of the slates in the Grenoble Alps la parallel to 
the foliation of the inica-sohists. Bnll. ^’oc. OM, France {9)^ ix. (1881), p. 649. 
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doubt generally due to an original segregation or differentiation of the 
component minerals of still unconsolidated igtieous I'ocks, like the banded 
structure of some gabbros, though it may to some extent have resulted 
from tlie rearrangement and recrystallization of the matt^ials of such 
rocks under intense mechanical strain. The occurrence of lenticular 
bands or bosses of amphibolite in coarse or granitoid gneiss probably 
indicates dykes of some pyn»xenic or hornblendic rock, by which the 
original granite was traversed liefore the development of the foliated 
structure. A gradation can be traced between nias8e.s of diorite, gabbro, 
&c., and hornblende-schists, actinolite-schisis, gabbro schists, Ac. The 
granitoid character of these basic igneous rocks, under the great stresses 
they have suffered during periods of tcrre.strial disturltance, has here anil 
there entirely disappeared. First the minerals (esjiecially the felspars) 
are seen to have ranged themselves with their long axis in one general 
direction. They have further scjairated into layers or folia in the 
same direction, and have thus acquired a more or less di.stinctly foliated 
structure. A massive diorite, gabbro, or diaUise has in this way been 
convertiid into an amphibolite-schist. 

Fart IX. Ore I)ki»osits.' 

Metallic ores and other minerals that are extracted for their (*conomic 
value occur in certain well-marked forma which have been variously 

‘ A large li«t of works on the .subject of Ore-l>epositK might la* liteil here. Th«* follow'* 
ing selection incliides some of the iiion* important text IkimUs and memoirs, wljile olherti are 
referred to m subse(|uent page.^. In English, J. A, I’hillips’ work, mentioned tiufr, p. 7, lina 
long been a standard text book. Another valniibb* treatise. “The (lenesiH of Ore-dejiosits,” 
is based on an original memoir, by Posepny, with aihlilions hy Amenedn autlioritieii, 
2nd edit., 1902. Other general text -books are B. von Cotta, ‘Die I<ehre von Erzlager- 
statten,’ 1859-61; A. von (ircsbleck, ‘Die Lehre von den Lagerstatleii der Krze,' 1879 ; 
F. von Handberger, ' Uutersuchnngen uber Erzgange,’ 1882-1 8H5; II. Heck, ‘Die U-lire von 
Erzlagerstatten,’ Bferlin, 1901; E. Fuchti ami L. Delaunay, ‘(Jitea Miiieraux,’ I'aris, 1898. 
The Transactions of the Royal (tCttlogirul Society of Cornv'all contain many good ]>ap(‘ra. 

So much mining activity lia.s been develofied in the United States that the Niihjei t haa 
there lieen studied in much detail, and great addilioiis to our knowle<lge have been made by 
the writings of Newlierry, liC Onte, Becker, Einmomi, Ke.mp, Van Hise, Liinlgren, and 
other geologists. The Transactions of the American Jnstttvie of Ahniny Ktajmerrs are full 
of excellent contributions. The general subject of the orea of the United Slates is treated 
by Profes»r>r Kemp in his ‘Ore Deposits of the United States, 'of which a third and entirely 
rewritten edition wa.s published in 1900. The must elaborate a(.counts of the mining regions 
of the Status, w'lth discussions of some of the prohlcms presented by them, are given in the 
4{uarto monographs of the Vniled States (/eoloyiaU Surrey na follow h; (i. F. Becker, ‘(Jeology 
of the Comstock liOile,' Mon. lii. iv. and xiii. (also in 8fA .Diw. Reji. 1886-87, p. 69.5) ; R. 
D. Irving, ‘ CopiKT-beariiig Rocks of Lake Snjwrlor,’ Mon. v, ; Curtis, ‘ Silver-lea<l deiiosita 
of Eureka, Nevada,' Moii. vii. ; S. F. Emmons, *(ieology and Mining Industry of Ijeiulville, 
Colorado,’ Mon. xii, ; ‘Geology of the Quicksilver Deposits of the Pardfic Sloi>e,’ Mon. xiii. ; 
Irving and Van Hlse, ‘TliePenokee Iron-bearing Series of N. Wisconsin,’ Rv. Mon. xix. ; 
Van Hise a^ Bayley, ‘The Marquette Iron-Waring District of Michigan,’ Mon. xxviii. ; Spurr, 
‘Ooology of the Asiien Mining District of Colormlo,’ Mon. xxxi. ; Clements, Smyth, Bayley 
and Van Hise, ‘The Crystal Falls Iron-bearing District of Michigan,’ Mon. xxxvi. ; “TbeOold- 
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classified; but for the purposes of the geological student it is most 
convenient to consider thcna from the point of view of geological origin 
and structure. Thus arranged, they naturally group themselves into three 
great series: 1st, those connected with the ascent of a molten magma 
into the crust of the earth ; 2nd, those which have been introduced in 
solution into fi-ssures, and have no obvious connection with the protrusion 
of any magma ; and 3rd, those which have been contempomjieously 
de|>08ited in superficial foimations. 

1. Magmatic Ores. — They may arise either (a) from difl’erentiation 
within the magma itself, or (h) from pneiimatolitic action, whereby the 
metiillic constituents of the magma are carried beyond the magma into 
the surrounding rock.s. 

(d) S»> far as experience goes, metallic concentration has comparatively 
sehlom taken place on a large scale wdthin those ])ortions of eruptive 
masses of rock n(»w visible at the surface, though .some remarkable 
examples of it have long been known. It is more particularly 
observable among /the basic rocks, where magnetic and titaniferous 
iron have made their appearance among the latest products of segrega- 
tion within the intruded magma In banded gahbros, foi’ instance, 
some of the dark layers are in large measure made up of iron ores. The 
great Norwegian aggrogat(*s of tihiniferoiis iron are found in basic igneous 
rocks (labradorite-rock, norite, gabbro, ^Vc.), and even penetrate the adjacent 
formations as intrusive dykes.^ In (J'anada also large masses of titan- 
iferons magnetite in like manner belong to a great series of basic eruptive 
rocks and form groups of hills.'*^ 'riie segregation of chioinite in peii- 
ilotitos is another e.xample of the same process.’* Suliseqnont e.vtremc 
terrestrial disturbances have in the case of the most ancient ore bodies of 
this kind imparted a schistose .structure to the igneous rock, so that the 
ores now appear intercalated among gneisses and <‘rystalline schists. 

(b) Much more frec^uent is the accumulation of or(*s in fissures anil 
other cavities among the rocks that surrouml a large eruptive mass, 'bhe 
connection between such on's and an adj.icent plntonic intrusion is so 
frequent and obvious that it cannot be regarded as accidental. It clearly 
points to a genetic relation between the metals and the intrusive rock, 

([iiartz Veins of Ni'vaUa City ami Cniss Valluy, California,” 17lh Ann. Rrp. U.S. (!. S. Part 
ii. (IS9S), |>p. 13 *Jt)9 : W. Limljjren, "The (ioKl ami Silver Veins of Malio,” 20//( .Coi. Rep. 
ir.S, (,\ s. Part iii. (li>00), jip. ; the same volume contains a loni^ p.ijici l>y Messrs. 

Weeil ami Pirssou on .similar phenonn*n.a in Montana, np. 271-081. Messrs. Ilatcli ami 
Chalmers have (le.scriheil ‘The CoM Mines of the Uaml,’ Ijomlon, ISOn. Anions the con- 
tributions of a theoretical kind Profcs.sor Volt’s papers deserve careful perusal. They will he 
found in fM»/. Forcu. A^lvckJn}lm, xiii. (1891), pp. 476, 683 ; xiv. p. 212 (pneiimatolytic pro- 
cesses ill gabbro) ; pp. 315, 433 ; xvi. 275 ; Zeitsch. Prakl. (i-'ol. 1893, 1894, 1895, 1898, 
1899, 1900, 1901; Trans. Amer. Inst. Min. En>jin. 1901; Camjit. rend. Congr. Ged. 
Infernat. Zurich, 1894, }». 382 ; ^Wges Ged, Undersog. 1892. 

^ yo^i^ yarges Ged. rndcr.sdfj, 

F. D. Adams, Xeufs Jahrb. Beilag, Bd. viii. p, 419; Min. .Istoc. Qaebe-e. 1894. See also 
J. F. Kemp, iScAouf of Mines Qiiarterlg^ New York, July and November 1899. , 

* Vogt (“ Ibroblems in the Geolog)' of Ore IX’poisits ”), Trans. Artur. Inst. Min. Engin. 
UlOl), who cites other illustrations, though he thinks that the list can never become large. 
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and indicates that the agents by which their separation was effected were 
those mineralising vapours and gases which*have been so often alluded 
to in previous pages of this text- book. Steam or water-gas at a 
high temperature and great pressure has no doubt boon largely 
instrumental in the transfenmce of the ores. Thus around large 
liosses of granite, the stciiin, chargeil with compounds of fluorine, 
lx)ron, and phosphorus, has carried over from the still uns(>lidiHed 
granite the tin-ore wliieli, with its accompanying minerals, is such a 
characteristic meUl in the surrounding veins. Again, next to laige 
masses of gabbro veins of apatite are scmietimes eonspicuoiis, as in Norway 
and Northern Swederu Prtdessor Vogt has sliown reason to b(»lieve that 
in each case th«‘ material that fills the veins w-as pn»hal>ly extract(‘d from 
the magma by a reaetion, in the presence of water, of hytlrochloric (or, 
as the case may l»e, hvdroHuorie) aeid dis.solv»‘(l in tlie magma. The 
mineral veins w’hich can l»e ascrilush to this jjrocess may extend to a 
horizontal distance of a mile or mor4‘ from the eruptive mass, hut still 
lie witliiu the an'oie of oontact-metamorphism. They often aj>pear at or 
close to the houndaiy of the eruptive mass, atul oven w’hen at their greatest 
horizontal distance from its outcrop they uiay not improbably be much 
nearer to it in vertical descent below', 'riiesc features are eharacteristically 
displayed in such mining districts as Cornw'all, Southern Hungary, Kllxi, 
and C’hi istiunia. The ores consist of magnetite, specular iron, cassiterito, 
sulphides of copper, lead, zinc, Ac. 

‘i. Solution Ores. — -Though no .satisfactory ilivision can be made 
betw’een these and tlio^e last ilescribed. 't. is useful to keep ))y tliernstdves 
those ore-deposit ‘i which stand in no obvious relation to any eruptive 
mass visibh; at the surf ice, thougli of course many of iheni niiiy be con- 
nected with dee[) seated igneous masses, winch have not Ix'iui e\posi*d. 
Much diversity of opinion still exists as to the source of the metal in 
these accumulations. Of’ the various theories that have lieen jiroposcal 
the following are tlie most noteworthy : (1) Lateral segregation, whereby 
the sidistances in the veins have been derived from the adjacent rocks by 
a process of leaching oi’ solution ami ie<ie|M>sit., caiiied on by the circula- 
tion of water through the terre.strial crust. Tlie fact that the nature 
and amount of the tuinerals, and especially of the ores, in veins, so often 
vary with the composition of the surrounding rocks is chvelt on by those 
w’ho hold this view as a ju'oof that these rocks have had an influence on 
the precipitation of mineral inattei in the tisMires passing through them, 
and w'cre probably themselves the .soiine from wliich the rnetJiIs w(*re 
obtained. It is pfiinteil out that ehemical analysis has revealed the 
presence of minute quantities of metailie ores disj>erse<l through the 
substance of the roek.s siirroundiiig mitiend-veins. that by isolating some 
of the more frecpient silicates found as roek-eonstitueiits (such as augitc, 
hornblende, ami mica), iron, nickel, copper, cobalt, arsenic, antimony, 
tin, Arc., have been found in appreciable qiiantiry, and that stratifii-d 
rocks alsy, wdien subjected to sufficiently delicate analysi.s, reveal 
the presence in them of the metals and non-metallic substances that 
constitute mineral-veins ; clay-slates, for example, having been found to 
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contain copper, zinc, lead, arsenic, antimony, tin, cobalt and nickeL* 

It is further argued that (fhly on the assumption that the water is of 
meteoric origin and belongs to the outer part of the crust, can the^ fact 
be explained that mineral-veins are so often found to become thinner 
and {looror as they are followed downward. It is likewise maintained 
that below an extreme depth of some 10,000 metres, or seven or eight 
miles, the pressure must he so great that no fissure can remain open, but 
if formed by any gi’cat disturbance of the crust must be immediately 
closed again. There can indeed be little doubt that a vast amount of 
solution and redeposit of mineral matter within the crust of the earth 
must be effected by the circulation of meteoric water, some of which may 
have its energy increased by the earth’s internal heat, and that fissures 
may thus conceivably be filled up with new mineral deposits. But 
strong objections have been urged against this explanation as a general 
theory of the origin of mineral veins. The frequent association of mineral 
veins with ancient protrtisions of eruptive material and with modern 
volcanic action, the generally observed dryness of deep mines which 
appear to descend below the usual limit of the circulation of ground- 
water, and the continuance of mineral veins down through those dry parts 
of the crust as far as miniug operations have been carried, are urged as 
inexplicable on the supp<)sition that meteoric water is the only or even 
the chief source fnjin w hich mineral veins have been supplied. 

(2) Ascent from below — the minerals and ores having been introduced 
by (a) 8ublimati(m, or {b) by igneous fusion, or (c) by hot aqueous vapour 
escaping from the magma underneath. Sublimation Uikes place in the 
upper part of a volcanic chimney, among the crevices into which the hot 
vapours and gases enter, but has probably played little or no part in the 
formation of mineral veins. Igneous injection may t^ikc place at the 
edge of an igneous nniss, as in the case of magmatic segregations like 
those of the titaniferous iron-ores above referred to in connection with 
the differentiation of gabbro and allied rocks. But the most cursory 
acquaintance with ordinary mineral-veins suffices to assure us that in 
their prcnluction the injection of igneous material can have had no share. 

Wo are thus left with only the heated solutions that escape from the 
internal magma through sucli fissures as may be opened in the overlying 
crust. To the objection that such fissures cannot exist save in the outer few 
thousand metres of the crust, it may be answered that while our know- . 
lodge of the conditions of the earth’s interior is not such as to warrant 
us in fixing a limit to the downwanl extension J)f fissures, we do not 
need U> 8up|X)8e them to descend any deeper than to come within the 
influence of the magma. We are absolutely ignorant at what deptli this 
magma may be reached at any one part of the earth’s surface ; but w'e 
do know that at volcanic vents it actually comes up to the surface and 

' This view of tK« .subjeot has been espoused and exhaustively discussed by Professor F. 
Sandberger iu his ‘Uiitersuchungeii ul>er Erzgange,’ Part i. It is also cogently supported 
by Mr. Van Hise, Traiu. Jvier. Jn»t, Min, Engin. xxx. (1900) ; Jwirn, (?«)/. viii. (1900), 
pp. 730-770; and has recently been discussed by Mr. W. H. Weecl, Amfr. Geol. xxi. 
(1902), p. 170. 
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sometimes rises, as in Cotopaxi, 19,000 -feet above it. There does not 
therefore appear to bo any insuperable difficulty in the assumption that 
the heated vapours of the magma may find their way up rents in the 
crust even when the magma itself has been unable to follow them. That 
the hot waters which rise from the interior, especially in volcanic districts, 
bring up to the surface mineral solutions such as those that must have 
been in operation for the infilling of mineral veins, admits of no doubt. 
Various minerals, including silica, both crystalline and chalcedonic, metallic 
sulphides, and even metallic gold, are hold in solution and deposited by 
the hot waters of California and Nevada, where metalliferous lodes may 
thus be in course of formation at the present day.* In the solfatara 
of Lake County, California, the sulphur contains cinnabar, and the rocks 
through which the waters issue are coated with gelatinous silica resting 
on chalcedony, beneath whicii lies crystalline quartz. Again, the hot 
waters of Steamboat Springs, Nevada, are now depositing gold, probably 
in the metallic state ; sulphides of arsenic, antimony, and mercury ; 
sulphides or siilpho salts of silver, lead, cop|K*r, and zinc ; iron-o.xide and 
possibly also iron-sulphides ; manganese, nickel, and cobalt compounds, 
with a variety of ciirthy minerals.- At a short distance from those 
springs, a group of fissures that still give oil* steam and carbonic acid 
have been filled with liyalinc and crystalline silica. The quartz contains 
oxides of iron and manganese, sul[)hide8 of iron ami copper, and traces of 
gold. A few miles distant is the famous ('omstock Lode, which has 
evidently been formed in a similar manner by ascending hot water, and 
from which a viist amount of silver and gohl has l)een obtained. 

The obvious genetic relation between mineral veitis and eruptive 
bosses, above referred to, and the Jissociation of the same jwculiar 
minerals both in these veins and in the |>egmatites that surround the 
bosses, justify the confident belief that, in these instances at least, the 
common source of all the minerals and ores has been the eruptive magma 
which furnished the intrusive raasse.s, and likewise tlie vaj)ours and 
mineralising agents that have affected all the surrounding rocks for a 
distance of a mile or more. If this intimate relationship can be established 
in the case of mineral veins which are connected with enijdive bosses that 
have by denudation been exposed at the surface, it is not illogical to 
infer that the same connection probably exists in the case of other veins 
which have no visible connection with any intrusive masses as yet 
revealed at the surface. Such masses may exist below at no very great 
depth. The general deduction, therefore, appears to me to bo well 
founded, that while lateral segregation must l>e recognised as a possible 
contributing cause, the main agency in the formation of mineral veins is 
to be sought in the ascent of heated waters which could only have 
derived their pneumatolitic efficacy from the internal magma.^ 

* J. A. Phillips, Q. J. a. S. XXXV. p. 390. W. H. Weed, 2Ut Ann. Rfp. U.H. O. S. 
Pirt ii. (1900) p. 217. 

* O. F. pecker, Amer. Joum. &i. .xxxiii. (1887), p. 200. 

’ See a paper by Professor J. F. Kemp ** On the rdle of the Igneous Rocks in the 
formation of VelM," Contrib. Otd. iJept. Colnwhia Unit. ix. (1901), No. 77. J. B. Hill, 
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As the solutions, in their ascent from below, reach cooler parts of the 
earth’s crust, tliey doubtless \»egin to deposit their mineral contents on the 
walls between which they rise. In their progress they necessarily induce 
chemical and ininendogical changes in the surrounding rocks, which 
thus undergo various transformations, being sometimes weakened by 
the removal of certJiin constituents, as in propylitisatioii (p. 772) and 
kaolinisation (p. 104), and sometimes rendered more compact and crystal- 
line by the introduction of new ingredients, as in the production of schorl- 
rock, topaz-roeic and the felspailess rock known as greisen.^ 

.'1. Superficial ores in sedimentary deposits. — These are mainly 
of two kitids. Formed of fragments of old ores which in the denuda- 
tion of a region have been worn away, and of which the detritus is 
collected in diirerent sedimentary deposits. Kxamplcs of this type are 
seen in the placrr workings of gold in the alluvium of modern or ancient 
rivers and the stnunn n'nyh in which tinstone sand is collected, (b) 
Formed by precipitation from a<pieous solution, as in the deposits of 
bog-iron-ore and lake-ore, already de.scribed (p. 180). Ancient examples 
of this type prove that similar concentration and deposition has taken 
place in the waters of all geological periods, and that the agency of both 
plants and animals has contributed towards the elimination of the ores 
from acpieous solution. The ironstones of the (Joal-nieasures and the 
Jurassic rocks of Ih-itain and the copper-ores of the Kupferschiefer of 
(lormany may be cited in illu.stration. Ores contemporaneously deposited 
in sedinumtarv strata obviously do not require separate consideration here, 
seeing tliat they are subject to the ordinary structures aiul variations of 
stratified rocks, wbicli have aln'ady been discussed in Book IV. Bart 1. 
We may therefore icstrict the following descriptions to those forms of 
accumulation which prcsmit peculiar structures, and which for their 
geological interest and economic importance merit more detailed notice. 

i. Mineral-Veins or Lodes. 

A true mineral-vein consists of one or more miiu'rals deposited within 
a tissnre of the earth's cru.st, ami is usually inclined at from 10’ to 20'’ 
from the vertieul. d’he bounding surfaces of such a vein are termed 
walls, and, whore inclined, that which is uppermost is known as the 
hmujiuij, and that which is lowest as the Itfing or foot wall. The sur- 
roumling rock, through which veins run, is termed the country or 
country-rock. Mineral veins are composed of (o) masses or layers of 
sinqile minerals without metallic ores, or (b) of such minerals (termed 
irin-sioncif) intermingled or alternating with metallic ores. They arc 
distinct from the surrounding rock, and are evidently the result of 
siqiarate dejKisition. They are commonly most frequent and most 

“Tlie Plutonic ami otlmr intrusive Hocks of West Cornwall in their relation to the Mineral 
Ores,” Trttnu. Roy. OVoZ. fhc, (Wnwidl, xii. (1901), Part vii. 

' See W. Limlgron, ** Metasoiu.atic Procesuses in Fissure- Veins,” Trans. A)nn. InsL Min. 
Engin. xxx. p. ,'>78. 
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metalliferous in districts where eruptive r^cks are abundant. A vein 
generally coincides with a line of fault or of joint, but is independent of 
the bedding or foliation of the “ country." Cases occur among crystalline 
mjis.sive rocks, however, and still more frequently among limestones, 
where the introduction of mineral matter has taken place along gently 
inclined or even horizontal planes, such as those of stratification, and the 
veins then look like interstratified beds, or where the infiltration hjis 
proceeded along vertical lines, like igneou-s dykes or veins. Some remark* 
able examples of this form of interpenetration of mineral matter have 
already been noticed fiom the mining region of Cornwall {dntf, p. 778). 

Variations in breadth. -Mineral-veins vary in breadth from a 
mere paper-like film np to a great wall of rock 150 feet wide or more. 




in*'.-- Wult'niii.; of a lissiirt* by n*iali>c hbiftiiij? <.f ttn abb* (l»t' la IbTbf), 


'rhe biniple>t kinds are the tlireads or string'^ of ealcito and (juartz, so 
fre<iuently to l>e observed among the nioie ancient, and especially more 
or les.s alteied, rocks. 'Fhe.se may he .'ei*n running in parallel lines, or 
ramifying into an intricate network, .stunetiines uniting into tliick branches 
and again rapidly thinning away. ('on.->iderable variations in breadth 
may ho traced in the same vein. These may be accounted for by tinequal 
solution and removal of the walls of a fissure, as in the action of per- 
meating water uiion a calcareous rock ; I>y the irregular opiunng of a 
rent, or l»y a shift of tlic walls of a .sinuous or 
irregularly defined fissure. In the Ia.st-namHl 
case, the vein may he strikingly unequal in 
breadth, here and there nearly disappearing 
by the convergence of the walls, and tlien 
rapidly swelling o\it and again diminishing. 

How simply this irregularity may be accounted 
for will be readily perceived by merely copying 
the line of such an uneven fissure on tracing . 

paper and shifting the tracing along the line f,ii«i with onn i..in.*rHi o- .). but 

of the original. If, for example, the fissure with * jKjriion tim firtKinv (» i.) 

be assumed to have the form showmat « !>, in »w5o|Hn(/;.) 
the first line (Fig. 340), a slight shifting of one side to the right, as at 
a b' in the second line, will allow the two op|X)site walls to touch at 
only the |)oints o (f, while open spaces will be left at c c d. A move- 
ment to^the same extent in the reverse direction would give rise to a 
more continuously open fi&sure, as in the third line. That shiftings of 
this nature have occurred to an enormous extent in the fissures filled 
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with min6ral-vein8j is show^ by their abundant slickensidcs (p. 661). 
The jx)U8bed and striated walla have been coated with mineral matter, 
which has subsequently been similarly polished and grooved by a renewal 
of the slipping. 

Structure and contents. — A mineral-vein ma}^ be either simple, 
that is, consisting entirely of one mineral, or compound, consisting of 

several ; and may or may not be 
metalliferous. The minerals are 
usually crystalline, but layers or 
irregular patches of soft decomposed 
earth, clay, &c,, frequently accom- 
jmiiy them, especially as a layer on 
the wall-face (flumn). The non- 
metiilliferous minerals are known as 
ganguo or vein-stones, the more 
crystalline being oftetj also popularly 
classed as spars. The metal-bear- 
ing minerals are known as ores. 
The commonest vein - stones are 
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quartz (usually either crystalline or crypto-crystalline, with numerous 
fluid-inclusions), calcito, barytc.s, and fluorite. The presence of silica 
is revealed not only by the quartz, but by the hard siliceous bands 
so often observable along the walls of a vein. These can often be 
determined to be [wrtions of the “country” which have been in- 
durated by the deposition of silica in their pores. The ores are some- 
times native moUvls, es{>ccially in the case of copper and gold ; but for 
the most part are oxides, silicates, carbonates, sulphides, chlorides, or 
other combinations. Some of the contents of mineral-veins are associated 
with certain minerals more usually than with others, as galena with 
blende, pyrite with chalcopyrite, golil with quartz, niagnetite with chlorite. 
Of the manner in which the contents of a mineral-vein are disposed the 
following are the chief varieties. 


(1) Massivf\~Slu.\ving no detinito arrangement of the contents. This structure is 
esjiecially characteristic of veins consisting of a single mineral, as of caldte, quartz, or 
barytes. Some metalliferous ores (pyrites, liinonite) likewise assume it. 

(2) banded, com by, in parallel (and sometfhies exactly duplicated) layere or 
combs. In this common arrangement, each wall (<ro, Fig. 348) may be coated with a 
layer of the same material, perhaj^s some ore or flucan {b h\ followed on the inside 
by another layer (c r), ])crhaps quartz, then by layers of calcite, fluor-spar, or other 
veinstone, with strings or layers of ore, to the centre, where the two opposite walls may 
be finally united by tlie last zone of deposit (i). Even where each half of the vein is 
not strictly a duplicate of the other, the same parallelism of distinct layers may be 
traced. 

(3) Breociated, containing angular fraguicnts of the surrounding “country," 
cemented in a matrix of veinstones or ores. It may often be observed that these frag- 
ments are completely enclosed within the matrix of the vein, which must have been 
partiallj^ open, with the matrix still in course of deposit, when they were dAached from 
the parent rook. I.Arge blocks {riders) may be thus enolos^. 

(4) Drusy, containing or made up of cavities lined with crystalline minerals. The 
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central pai ts of veins frequently present this stiiicture, particularly wliei^ tlie minerals 
have been deposited fi-om each side towards the middl#. 

(5) Filamentous, having the minerals disposed in thread-like veins ; this is one of 
the commonest structures. 

Metallic ores occur under a variety of foinis in mineral-veins. Sometimes they 
are disseminated in minute grains or fine threads (gold, pyrites), or gathered into 
irregular strings, branches, bunches, or leaf like expansions (native copper), or disjK>sed 
in layem alternating with the veinstones jiarallel with the walls of the vein (most 
metallic ores), or forming the whole of the vein (pyrites, and oirasionally galena), or 
lining drusy cavities, l>oth on a small scale and in large chamhers (hn-matite, galena). 
8onie ores are frequently found in assoi iathm (galena and blende), or are noted for 
containing variable proportions of another metal (avgentileiuns galena, auriferous 
pyrites, litanifcrous nmgnetite). 



Fig w.i.- Si'ctioii Ilf Wle-al .Inlm Lmli*, CuinwHlI 
Hhowlii;{ ll\»* sufccssiN** iHH‘nm,;K (jl the hjikm* 
lissure (/<.)• 

<*//» t’ojijsT.jtj I it«'« and blende *, I/, d, i', h, i, quartz 
in cr}>t*iN jHJintiin’ innariU ; f, c lay , <?, Hiijity 
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l»iiinlinninw.iid ,i auTililnirn kiIich ; i/, thiek 
layvi t»f cn|i|»i'j-|iynn*a. 


Succesbive infilling of vtsins. — Tin* Hyiunietrical disposititin re- 
prescntcil in Fig. .‘148 .^how.s that tin; fissure icinainml open and had iU walls 
coated first with the layers h h. Thereafter the stdl ojien, or suhsetjuently 
widened, cleft received a second layt‘r (r r) on each face, and so on ])ro- 
gressively until the w'hole was filletl up, or until only cavernous s|)aco8 
(druses) lined with crystals were left. In Mich ca^es, no evidence e.xi.'sU 
of any terrestrial movement tliiring tin* jiroi-css of .successive deposition. 
The fissure may have been originally as wide as the present vein, or may 
have been widened during the accumulation of mineral matter, so 
gratlually and gently as not to disturb the gathering layers. Ihit in 
many instances, as above stated, proofs remain of a scries of disturliaiices 
whereby the formation of the vein was accelerated or interrupted. Thus 
at the Wheal Julia Lode, Cornwall, the central zone (f^ in Fig. 349) is 
formed of quartz-crystals jiointing as usual from the sides towards the 
centre of the vein, but it is only one of five similar zones, each of which 
marks an opening of the fissure and the subsequent closing of it by a 
deposit of mineral matter along the walls.^ The occiiiTeiice of different 
layers on the two walls of a vein may sometimes indicate successive open- 
ings of the fissure. In Fig. 350 the fissure at one time, no doubt, 


* Dc la Beebe, ‘Geological Obeerver,' p 698. 
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extended no farther than bjtween 1 and 2. Whether the band of copper 
pyrites had already filled up the fissure, previous to the opening which 
allowed the deposit of the silica, or was introduced into a fissure opened 
between 2 and 3 after the deposit of tlie silica, is uncertain.^ 

The occurrence of rounded pebbles of slate, quartz, and granite in the 
lodes of Cornwall at depths of 600 feet from the surface, of gneiss in the 
vein at doachimsthal at 1150 feet, and of Liassic land and freshwater 
shells at 270 feet in veins traversing the Carboniferous Limestone of the 
Mondip HHIh mid South Wales, seems to indicate that fissures may 
remain sufficiently open to allow of the introduction of water* worn stones 
and terrestrial organisms from the surface even down to considerable 
depths." 

Connection of veins with faults and cross-veins. — While the 
interspaces between any divi.sional pl.uics in rocks may serve as receptacles 
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of mineral depositions, the largest and most continuous veins have for 
the most pai*t been formed in lines of fault. Those may be traced, .some- 
times in a nearly straight course, for many miles across a country, and as 
far dowin\ard as mining operations have been al)lo to descend. Some- 
times veins are themselves faulted and crossed hy other veins. Like 
ordinary faults also, they are apt to split up at their terminations. 

These features are well exhibited in .some of 
the mining districts of Cornwall (Fig. 351). 

The intersections of mineral - veins do 
not always at once betray which is the 
older series. If a vein has really been 
shifted by another, it must of course be 
older than the latter. Bfit the evidence of 
displacement may he dccej>tive. In such a 
section as that in Fig. 352, for example, a 
cursory examination might suggest the inference that the vein d c must 
bo later than the dyke or vein a b, by which its course appears to have 
been shifted. Should more careful scrutiny, however, lead to the 
detection of the vein crossing the supposed later mass at r, it w’ould 

St 

* De la Beclie, op, cit, p. 699. 

- De la Boohe, op. cit. p. 696. Moore, Q. J. O. H. xxili. 483 ; Brit. Assoc. 1869, p. 360. 
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be clear that this inference must be incorrect.^ In mineral districts, 
different series or systems of mineiiil-veins can gonerally bo traced, one 
crossing another, belonging to different [MJriods, and not infrequently 
filled with ditVereiit ores and veinstones. In the south-west of 
England, for example, a series of fissures running N. and S., or N.N.W. 
and S.S.E., tra\eises another series, which runs in a more east arid west 
direction (W.S.W. to E.N.E., or W.X.W. to HS.E.). The latter (rr, d d, 
Fig. S;).'!) in CurriwaJl contiiin the chief copfx'r and tin ores, while the 
cross-courses (/> /») contain lead and iron. I'he east ami west lodes in tlio 
west |xirt of the region were formeil IxTore those which cross them, for 
they are shifted, and their contents are broken through hy the latter. 



Ki;.' ^nMicral .M.iji of 1 m tlu- niiticral limuof S Kiigluiiil 1/;.) 


To the east, near Exeter, the e.%st and west faults a a are later than the 
New Red SaruUtone, and in Sonierset. than the liias.- 

Relation of contents of veins to surrounding rock.- -In 
general the deposition of mcUllic ores in mineral-veins has been in- 
dependent of the varying petrographical nature of the country-rock.* 
Nevertheless it ha.s long lieen familiar to miners that, in some regions 
where a vein traverses various kinds of “rocks,” it may be gtoierally 
richer in ore Avhen cros.'jing or touching some than others. In the north 
of England, for example, the galena is always most abundant in the 
limestone.s and scarcest in the shales, the vcin.s in the (Jreat Limestone 
(which is loO feet thick or less) having produced as much leacl as all 
the rest of a mass of 2000 feet of strata put together.* In Cornwall 
and Devon, it has been observed that some lodes yielfi tin whore they 

‘ De 1.1 Beclie, df. j). G57. 

IH* la Beche, oji, cit. ji. 

^ \ogt, TranA, Amei, Inst. Min. En>jin. Ftb. IHOI, p. 20 of reprint. 

* Tl»c greater nuuil>er aii<l breadth of mineral veins in limeRlone may Ijc* due to the 
conipnratively^pid solution of that r<K*k bv water percolating along joints or other divisional 
planes, with the consequent production of open cha.sn» and chamlsfis which would not la* 
formed in such material as shale, 
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cross granite, and copper where they traverse slate ; the same lode, as 
at Botallack, may cross three times from the one rock into the other, 
and each time the same change of metallic contents takes place. Some 
of the lodes, which are poor in ore in the slate, become rich as they 
cross an elvan (Fig. 354), or, on the other 
hand, the ore is so split up into strings in 
the elvan, as to be much less valuable than 
in the slate. 

Decomposition and recomposition in 
mineral-veins. — It has been noticed that the 
“ country ” through which mineral-veins run is 
often considerably decomposed. In Cornwall, 
this is specially observable in the granite. 
Round the Comsttjck Lode also, the diabase is 
particularly decayed. Besides the large series 
of complex chemical reactions brought about 


d 

KIk- aw.- -IMaii of Klvan Dyke (a f*) i ^ ^ a - j i i.* 

ir...r««i by ..metallic v.in(c./,i), l>y the pneuniatolytic vapours and solutiotiB 

which (iicsoutaHitiMHHiw intothn which, wlicthcr cmanatiTig from a magma that 
Buiroimding sute, whtai Alfmi, ^ ^ of cruptive material 

or 18 still concealed within the crust, nave 
traversed the “ (jountry ” rocks, ^ extensive alterations have likewise been 
subsequently effected by the percolation of meteoric waters in the upper 
parts of the terrestrial crust. Partly to this cause is perhaps, to be 
assigned the widespread kaolinisation of granite and of the argillaceous 
slates in many mining regions. The water removes most of the alkalies 
and alkaline earths in solution as carlionates, and some of the silica is 
likewise abstracted. It is common to find in mineral-veins layers of 
clay, earth, or other soft friable loiimy substances, to which various 
mining names arc given. The great majority of the remarkable minerals 
of the south-Avest of England occur in those parts of the lodes ivhere 
such soft earths abound. These veins have evidently served as channels 
for the circulation of water lioth upivard and downward, and to this 
circulation the decay of some bands into more clay or earth, and the 
recrystallization of part of their ingredients into rare or interesting 
minerals, are doubtless to be ascribed. It is observable, also, that the 
upper parts of pyritous mineral-veins, as they approach the surface of 
the gi-oiind, are usually more or less decomposed from the infiltnition 
of meteoric water, siliceous peroxide of iron and limonite being especially 
predominant. (Gossan of Cornwall, p. 93, Chapeau de Fer, Eiserner Hut.) 


§ 11, Stocks and Stock- works. (Stocke, Stock werke.) 

Cavernous spaces dissolved out of such rocks as limestone, or caused 
by rupture or otherwise, may be of indeterminate shape, and may 
be filM Avith one or more veinstones or ores, either in symmetrical zones 
following the outline of walls, floor, and roof, or in parallel and roughly 
horizontal bands (Fig. 355). Irregular metalliferous masses of this kind 
^ See Vogt, op. a7., and Liudgren’s paper cited anU^ p. 812. 
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have long been known in Germany by the name of Stocke (Stocks) when 
of large size, smaller aggregations l)eing knftwn as Buizen (cones) and 
N^ster (tufts). The size of these indefinite accumulations of ore varies 
from mere nests up to masses 800 feet or more in one direction by 200 
feet or more in another. Haematite, brown iron-ore, and galena not in- 
frequently occur in this form in limestone, as in the “ pockets ” of hiema- 
tite and “ flat-works ” of galena in the Carboniferous Limestone, and more 
notably in the ore “ chaml)ers ” of the Kureka and Kichmond mines of 
Nevada, and the Kninia, FlagstatT, and other inine.s in Utah, from which, 
in recent years, .such vast quantities of ore have been obUined. The 
“gash” or “rake” veins of galena in the north of England occur in 
vertical joints of limestone which have been widcnwl by solution, and are 
sometimes completely cut ofl‘ underneath by the floor of shale or sand- 
stone on which the limestone lie.s. I.enti(*ular aggregatiems of ore and 



Kjg 3.J.V • S4n‘t»<m of Miuonil deposits lu limosnjtie, iJerbyshirc {H ). 
n‘, (’urlxnnfcroiiH with iDtert'xlHted Ih*iI of IxiHalt (“ ttwlntxme ” //) ; h h h h, jointM 

1ra\t-r«nip the limehU.ne ; < <7, k d, m <, vuiis traversnijt nil the ^JrkH iiud eontalniun veinKtxjnttn 
and ore.s ; /, Hpaxes l>etwfeti the bed$ enlarged by noluljon and llUod with minerals or ores (*• flat- 
works"); p p, lar;.'e irregular ca\emouK ii)iaees dixsohtsl out of the rock and tilled viU) minerals 
and iin-s. 


vein.'jtone found in granite, as in the south west of England, are known 
as f’arbonas; they are nsiuilly connected with true fissure-veins. 

The origin of the large space.s in various kinds of rock, now' filled with 
veinstones and ore.s, hxs lieen referred to solution by underground waters. 
In the case of limestone, the removal of the rock by descending mcUforic 
water containing carhmic acid in solution, and the consequent production 
of caverns and tunnels, are familiar and easily undcrstootl. The formation 
of large chambers in such rock.s as granite is not so intelligible. J^ossibly 
no such chambers were ever producetl a.^ empty spaces, but by a process 
of substitution the hot ascending solution.s decomposed the silicates, 
preferentially in certain w'eak parts of the rock, and gradually replaced 
them with the pneumatolitic minerals and ores. Mr. Kendall has 
suggested such an origin even for the large haematitic deposits that 
occupy irregular cavernous spaces in the Carboniferous Limestone of 
the Ijake District He has pointed out as proof of substitution that the 
fossils of that limestone have here and there been replaced by haematite. ' 

Stock-works are portions of the surrounding rock or “country” so 
charged with veins, nests, and impregnations of ore that they can l>e 
worked as metalliferous deposits. The tin stock-works of CV . iiwall and 

* Sorth qf England Jn*t. Min, and Meehan, Engm. xxviii. Part iii. an<l xxxi. Pari v. ; 
Tram, ManehesUr GeoL Soc, 1884. 
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Stixony are gootl examples. Sometimes a succession of such stock-works 
may bo o*>8erved in the \arne mine. Among the granites, elvans, and 
Devonian slates of Cornwall, linorc has segregated in rudely parallel 
zones r)r “fioois.” At Botullack, at the side of ordinary tin lodes, Hoors 
of tin-oio from six to twelve feet thick and from ten to forty feet broad 
occur. The name of Falilhumls has been given to }jortions of “ country 
which have been impregnated with ores along parallel belts. 

Part X. Unconkokm ability. 

Where one series of rocks, whether of atpieous or igneous origin, has 
been laid down continuously and without disturbance upon another series, 
they are said to be vonfoniuiUf'. Thus in Fig. 3oG, tiie sheets of con- 



Kif; I'lioiKfiMitiabilil j ninojoi liori/Diitiil >ln»tu I.iuh ii'sliiin uu 

l.iiiwsloiif, (ilMiiorK.iusliiif (/,). 

glomerate {h h) and clay and shales (r </), have succeeded each other in 
regular order, and exhibit a perfect onifonnabilifi/. They oreilup each 
other, how<^ver, each bed extending bcyoml the edge of that below' it, 
and thereby indicating a gradual subshlence and enlargement of the area 
of deposit (p. Go;}). Bnt all these coiilbrmable beds repose against an 
older platform o n, with wliich they have no unbroken rontinuilv. Sneh 
a surface of junction is ealUMl an muon fur nuihilitu, and the upper are said to 
be nnronfoniiafih' on tlie lower rocks. The latter may consist of horizontal 
or inclined clastic strata, or oonloiTcd schi.sts, or eruptive massive rocks. 
In any case, thcie is a complete stratigrapliical break betw'ecn them and 
the overlying formation, the beds of which rest successively on different 
parts of the ohlcr masvS. 

It is evident that this structure may occur in ordinary sedimentary, 
igneous, or metamorphic rocks, or between any two of these great series. 
It is most familiarly tlisplaycd among clastic formations, and can there be 
most satisfactorily studied, since the lines of bedding furnish a ready 
means of detecting ditferences of inclination a.id discordance of super- 
position. Bui even among igneous protrusions, and in ancient meta- 
morphie masses, distinct evidence of unconformability is occasionally 
traceable. Wherever one series of rocks is found to rest U{)on a highly 
denuded surface of an oUler series, the junction is unconformable.*^ 

’ I'he occurreuco of i’o\i>idi'iable coutemporaueous ciosiou lu'twcen uiitloubtedly coiiforra- 
aUle strata brlonj^ing to oiio continuous geological ieiic-s has already (pjl. 639 - 642 ) been 
described. 
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Hence, an uneven irregularly-worn platform ImjJow a sucx’CHsion of mutu- 
ally conformable rocks is one of the most characteristic features of this 
kind of structure. 

Tt has already been pointed out, that though conformable rocks may 
usually be prcRumcd to have followed each other continuously without 
any great disturbance of geographical conditions, wc cannot always be 
safe in such an infe;'ence. Ihit af» uncoTiforiuability leaves no room to 
doubt that it marks a decided break in the continuity of deposit. Hence 
no kind of geological .struct nrc is of higher importance in tlie interpreta- 
tion of the history of the stratified formations of a country. In rare 
eases, an iinconformahility may occur between two horizontal groups of 
strata. On the left side of Fig. 356, for instance, the beds </ follow 
horizontally upon the horizontal beds («). Were merely a limited section 
visible, disclosing only thi.s relation of the rocks, the two groups t! and fi 
might be mistaken for conformable j>ortionH of one continuous series. 
Further evaminalion, however, would lead to the detection of evidence 
that the limestone a had been upraised and unefjually denuded before the 
deposition of the overlying strata ft r d. This denudation would show 
that the apparent conformability was merely local and accid(mtal, the 
older rock having really been upraised and worn down before the forma- 
tion of the newer. In such a case, the upheaval must have, been so 
uniform over .some tracts as not to disturb the horizontality of the lower 
strata, so that the younger deposits lie in apparent conformability upon 
them. 


As a rule, however, it seldom happens that movements of this kind 
have taken place over an extensive area _ _ 


s'j equably as not to produce a want (d 
coincidence somewhere between the older 
and newer rocks. .Most frequently, the 
older formations have been lilted at 
various angles, or even placed on cn<l. 
They have likewise been irregularly and 
often enormously worn down. Hence 
instead of lying p.‘irallel, the younger 



J'l.; .'..7 - riir<)iifi>nii.ibility hnri- 
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beds run transgress! vely across the up- 
turned <leniided eiirls of the older. The 


(>' h) on (Valx.nifrmmi 
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greater the disturbance of the older rocks, the iriorc maiked is the 
unconforniability. In Fig. 357 the l«)wer .scries of beds O') has been 
upturned and denuded before the deposition of the upper sei ics (n h) upon 
it. In this instance, the npp(‘r worn surface of the limestf)ne (r) has been 
perforated by lioring mollusks below the sandy stratum ih). 

An unconforniability forms one of the great breaks in the geological 
record. In Fig. 2-J6 (p. 653), by way of illustration, wc see at once that 
a notable hiatus in depo.sition, ar^d therefore in geological chronology, must 
exist between the older conformable series, n l> r. and the later strata by 
which thesi are covered. The former had been deposited, folded, up- 
heaved, and worn down l»eforc the accumulation of the newer scries uj 3 on 
their denuded edges. These changes must have demanded a consider 
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nh]e Ja^e of time. Yet, booking merely at the structure in itself, we 
have evidently no means of fixing, even relatively, the length of interval 
marked by an miconformahility. By ascertaining, from some other 
region, the full suite of formations, wo learn what members of the succes- 
sion are wanting. In this way, it would be discovered that the greater 
part of the Carboniferous system, the whole of the Permian, and the 
Trias and the Lias are absent from the ground represented in Fig. 357 
(compare Fig. 220). The more violence of contrast between a set of vertical 
beds below and a horizontal group above, is in itself no certainly reliable 
criterion of the relative lapse of time between their deposition; for 
obviously, an older portion of a given formation might- be tilted on end, 
and bo overlain unconformably by a later part of the same formation. A 
set of flat rocks of high geological antiquity may, on the other hand, be 
conformably covered by a formation of comparatively recent date, yet, in 
spite of the want of discordance between the two, they might have been 
separated l)y a large j»ortion of the total sum of geological time. Further 
examination will usu illy suflice to show that the cimform ability in such 
cases is only partial or accidental, and that lo( alities may be found where the 
. formations ire distinctly unconfprraable. 

• ' From the c mtre of the section in Fig. 358, 

forexample,the two groups of rocksmight, 
on casual examination, be pronounced to 
. , conformable. ^ et at short disUinces on 

either side, proofs of violent unconformability are conspicuous. It some- 
times hapjiens that more than one unconformability may be detected in 
the same section. In Fig. 344 (p. 723), for example, the ancient gneks 
at the bottom has been enormously worn down before the deposition upon 
It of the unconformable Torridonian conglomerates and sandstones, which 
in turn are unconformably overlain by the much younger (^’ambrian 
dep^its. Ihis double break in the stratigraphical sequence cart bo recog- 
nised even from a distance along the sides of some of the mountains in 
the west of Sutherland. If we pass from a single section to a wider tract 
of country a whole series of unconformabilities may be made out. In 



tig. 359. niHgrammatK' xectlon to hIiuw the buceessivo uiicuiifomiabtlities in the North of 
Scotland. 

Lewisian gnelsa ; 5, Torridonian Sandatone ; r, Cambrian quartrite, Mmestone, &c. ; d, eoatem gueiaa 
or Mohie-achiat (pp. 796, 892) ; e, Old Red Sandatoiie ; /, Triaaaic and Juraaaic formations ; g, frag- 
nient of the Chalk ; Tertiary lavas of the great plateaux ; i, Boulder clay and glacial drifts lying 
on the denuded wlges of older formations ; 1, 2, 3, 4, 5, 6, 7, unconformabilities ; ^ Thrust-plane. 

the north of Scotland, at least seven such breaks in the sequence of the 
formations can be observed, as shown diagrammatically in Fig. 369. 
The two earliest of these (I and 2 in the figure) have just been referred 
to, the first between the Archwan gneiss (a) and the Torridon sandstone 
(b), and the second between that sandstone and the Cambrian series (c). 
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Tbe latter has bad pushed over it on a great thru8^plan6 (p 692) the 
whole vast mass of the eastern gncissose flagstones or Moine-schists. 
The third unconformability, representing another vast interval of time, 
separates the Cambrian formations and the eastern gneisses (J) from the 
Old Ked conglomerate and sandstoTic. Still more enormous must l)e the 
fourth gap in the chronology betweeti that sandstone and the base of the 
Mesozoic formations (/). A fifth break comes between the .lurassic series 
and the Cretaceous strata (g), for the Chalk is found to lie on the older 
part of that series and even on the pre-Cambrian rocks. The Cretaceous 
rocks have been removed by denudation from almost the whole region, 
save where they* have Iwen preserved under the thick cover of nearly flat 
unconformable older Tertiary Imsalts (/< and 6), which are once more 
unconformably overlain by the glacial drifts (i, 7) and post-Tertiary and 
recent deposits. The relative chronological value of these several interr 
ruptions of the atratigraphical sequence is not neceswirily indicated by the 
violence of the unconformability. It must l»c considered with reference 
to the geological age of the formations which are separated by the gap. 
In the following Itook we shall consider how, by tlie evidence of organic 
remains, the relative importance of unconformnbilities is ascertained. 

Paramount though the effect of an tmeonformability maybe in tfie 
geological structure of a country, it must nevertheless, when viewed on 
the largo scale, be more or less local. The disturbance by which it was 
produced will usually be found to have affected a comparatively circum- 
scribed region, iieyond the limits of which the continuity of sedimentation 
may have been undistur])ed. There is no satisfactory evidence of w'orld- 
wide terrestrial movements by which stratigrapbical breaks were pro- 
duced siniulUincoiisly over the whole globe. We may, therefore, generally 
expect to be able to fill up the gaps in one di.slrict or country from the 
more complete scries of geological formations of another. 




BOOK V- 

PAL/EONTOLOGICAL UJ:OI.O( } Y. 

PAL.4!:ONTOLOaY treats of the stnictiire, affinities, classification, distribu- 
tion in time and genetic relations of the forms of i)lantand animal life im- 
bedded in the rocks of the earth’s crust.^ (.’onsidered from the biological 
side, it is a part of zoology and botany. A proper knowledge of extinct 
organisms can only be attiiincd by the study of living forms, while our 
acquaintance with the history and structure of modern organisms is 
amplified by the investigation of their extinct progenitors. Viewed, on 
the other hand, from the physical side, palieontology is a branch of 
geology. It is mainly in this latter aspect that it will herti be discussed. 

Paheontology or Palamntological (ieulogy deals with fossils or 
organic remains preserved in natural deposits, and endeavours to gather 
from them information as to the history of the globe and its inhabitiints. 
The term fossil, meaning literally anything “dug up,’ was formerly 
applied indiscriminately to any mineral substance takeit out of the 
earth’.s crust, whethm* organised or not. Ordinary minerals and rocks 
were thus included as fossils. For many years, however, the meaniirg 
of the word has been so restricted as to include onl}’ the lemain.s or 
traces of plants and animals preserved in any natural foiination, whether 
hard rock or loose superficial de[)osit. The idea of anti«iuit.v or relative 
date is not necessarily involved in this concc]>tion of the term. Thus, 
the hones of a sheep buried under gravel and .silt by a modern flood, and 
the ob.scure crystalline traces of a coral in ancient ma.sses of limestone, 

* Rt'sitloa lue genonil t**\t-l>ooks eiiumernteil ou p. 7 tlie followiiiK treatisos and piipers 
on apeci.sl bram-hes or aspects of Paheontology may hero Imj mentioned. A. (Jaudry,, ‘ Les 
Knchaiuemeiits du mondo animal dan.s les tem]>3 Geologiqnes — Mainmiferes Tertiaires,’ Paris, 
1878 ; * Ia*s Kuchaiuemeuts Ac.— Fossiles IVimaires,’ 1883; * Kssai de Pali'ontologie Philo- 
sophiqne,’ completing the * Rnchainements,' 1896. II. S. Williams, ‘Geological Biology, 
an Introiiuetion to tlie Geological History of Organisms,’ 1895. E. C. Case, ‘The 
Development ami Geological Relations of the Vertel»rntes — Fishes,’ Jovnt. Oo^l. vii. p. 393 ; 
‘Amphibia and Reptilia,' pp. .560, 6‘22. 711 ; ‘Birds and Mnminnlin,’ p. 816 and vii. p. 
163. C. A. White. ‘The Kelatiousof Biology to Geological Investigation’ ; Natnif^ lii. (1895), 
tu.258, *279. H. F. Osborn, “Corredation between Tertiary Mammal Horizons of Europe 
(6), iuerica,” Ann, New York i4c«rf. xiii. (1900), and other papers citeil on later pages. 
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are equally fossils.^ Nor has the term fossi^any limitation iis to organic 
grade. It includes not merely the remains of organisms, but also what- 
ever w'as directly connected with or prcKhice<l by these organisms. Thus, 
the resin which exuded from trees of long-perished forests is as mneh a 
fossil as anv' portion of the stem, leaves, ilowers, or fruit, and in some 
respects is even more valuable to the geologist than moie d(‘termiual»le 
remains of its parent trees, because it has <»ften presei‘V(Ml in admirable 
perfection the insects which flitted about In the woodlands. The burrows 
or trails of a worm, in sandstone or .'<liale, claim recognition as fossils, 
and ituleed are commonly the only indications to be met with ot the 
existence of annelid life among old geological formations. 'Phe drop- 
}dngs (coprolites) (»f fishes arid reptiles are excellent b>ssils, and tell their 
title as to the presence and fotnl of vcrtebnite life in iincimit w.itcrs. 1'he 
little iiggliitinated eases of the caddis- worm remain its fo.ssils in forniiitions 
from which perchance most other tnices of life may have |)iissed away. 
Nay, the very handiwork of man, when preserved in any natund manner, 
is entitled to rank among fossils: as where his flint-imph‘m«*nts havt* been 
dropped into the prehist(»rie gra\els of river-valleys, oi- where his ciinoes 
have been Imried in the silt of lak(‘-bottoms. 

The term fossil, moreover, sutlers no lestrietion its to tin* condition or 
state of preservation of any organism. In some nite instaiiees, the ^erv 
flesh, skin, and hair of a mammal have l»een preser\ed for thousands of 
years, as in the case of mammoth careases entombed in the frozen mud- 
cliffs of Siberia." Generally, all or most of the original animal matter 
has disappeared, and the org:»ni^m has been more or less completely 
mineralised or jiernfu'd. It often haj)j>ens that the wh(»le organism has 
decayed, and a mer(‘ east in amorphous mineral matter, as sand, clay, 
ironstone, sili(a, or limestone, remains; yet all these \aTiations must be 
coinjirised in the eoniprehensi\e term fossil. 

Two preliminary <jUestions deinaml attention . in the first place, Imw 
remains of pl.iuts and animals come to l»e entombed in locks, and in tlm 
second, how they liave l»c<>n prcscrveil thcn‘ ^o as to be now nnognisalth*. 

S i. Conditions for the entombment of Organic Remains — If what 
takes place at the present day may fairly be taken as an indication «)f 
what has been the onlinary eomlition of things in the geological past, 
there must have been so many chances against the eonher\ation »>f either 
animal or plant remains, that their oceunmee among stratified forma- 
tions .should be regarded as exceptional, and as the le-snlt of various 
fortunate accidents. 

1. On Land. — Let us conskler, in the first ]>laee, whatehanecs exist 
for the ])reservation of remains of the present fauna ami flora of a country. 
The surface of the land may he densely clothed with forest, and abund- 
antly peopk*d with animal life. Ihit the tree.s die and moulder into soil. 
The animals, too, <liHap))car, generation afUn* g<*neration, and leave few 

* The word “fos.sil”is soiiK'tinn's wrongly not'd '•ynonynionH with “fo'tnfted,” nnd 
we according!^ fiml the intoleratde liart»arism of ‘Siib-fonvil.’’ 

^ For particnlarH of an exhumation see ‘ Beilrage znr KeuntiiLsu des Ru‘<visrlien 
Reiches,’ Btl. III. (1887), p. 17.') 
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perceptible traces of their * 6 x 18101106 . If we were not aware from 
authentic records that Central and Northern Europe was covered with 
vast forests at the beginning of our era, how could we know this fact ? 
What has become of the herds of wild oxen, the bears, wolves, and other 
denizens of the lowlands of primeval Europe ? For unknown ages, too, 
the North American prairies have been roamed over by countless herds 
of buffaloes, yet, except hero and there a skull and bones of some com- 
paratively recent individual, every trace of these animals has disappeared 
from the surface.^ How could we prove from the examination of the 
soil either in Europe or North America that such creatures, though now 
locally extinct, had once aljounded there ? We might search in vain for 
any superficial relics of them, and should learn by so doing that the law 
of nature is everywhere “dust to dust.” 

The conditions for the preservation of evidence of terrestrial (includ- 
ing freshwater) plant and animal life must, therefore, be always local, and, 
so to say, exceptional. Th(‘y are supplied only where organic remains 
can be protecte<l from air and superficial decay. Hence, they may be 
observed in lakes, peat-moss(is, deltas at river-mouths, caverns, de])08its 
of mineral-springs and around volcanoes. 

(t. La k'ca. -Over tl»e lloor of a lako. deposits of silt, peat, marl, &c., ait> formed. 
Into tlujHc, the trunks, hraiiches, leaves, (lowers, fniit.s, or seeda of plants fi-oni the 
iieighlK)uring land may be carried, together with the boilies of vertebrates, birds, and 
insect.s. An occasional storm may blow the lighter debri.s of the woodlands into tho 
water. Such poitions of the wreck as are not washe<l ashore again, may sink to the 
Iwttoni, where they will, for tho most part, probably rot away, so that, in the end, only 
a very small fraction of the whole vegetable matt‘*r, cast over the lake by the wind, is 
covcrisl up and preserved at tlie bottom. In like manner, the remains of w inged and 
four-footed animals, swept by winds or by river- Hoods into the lake, run so many risks 
)f dissolution, that only a proportion of them, and probably merely a small proportion, 
,8 prcservoil. When wo consider the.se chances against the conservation of the vegetable 
md animal life of the land, we must admit that, at the Iwst, lake-bottoms can contain 
but a meagre and imperfect representation of the abundant life of the adjacent hills and 
plains. Lakes, however, have a distinct flora and fauna of their own. Their aquatic 
plants may be entombed in the gathering deposits of the bottom. Their mollusks, of 
characteristic tyiies, .sometimes form, by the accumulation of their remains with those 
of limc-sccwting algw, 8heet.s of soft calcareous marl (pp. 605, 613), in which many of 
the undocayed she.lls are preserved. Their li.shes, likewise, must no doubt often be 
entombed in the silt or marl. 

6. /Vnf-wiosscj.- Wild animals, venturing on the more treacherous watery parts of 
peat-bogs, are sometimes eiigulphcd or ‘‘laired.” The antiseptic qualities of the peat 
preserve their remains from decay. Hence, from European pat-mosses, numerous 
remains of deer and oxen have been exhumed. Evidently the larger beasts of the 
forest ought chiefly to be looked for in these localities (y. 609). 

c. Deltas at rirer-moutlis. —It is obvious that, to some extent, both the flora and 
tho fauna of the land may be buried among the sand and silt of deltas (p. 509). But 
though occasional or frequent river-floods sweep down trees, herbage, or the bodies of 
laud-animals, the carcases so transported run every risk of having their bones separated 
and disprsed,* or of decaying or being otherwise destroyed, while still afloat ; and even 

^ See Jules Marcou, ‘ liettres sur les roches da Jura,’ p. 103. * 

* Lower jaws, for instance, because they are among the earliest prts of the skeleton of 
a floating carcase to drop off, are not infrequently met with as fossils. 
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if they reach the bottom, they tend to dissolution^ there, unless speedily covered up 
and protected by fresh sediment. Delta-formations can therefore scarcely be expected 
to preserve more than a meagre outline of a varied terrestrial flora and fauna. 

ft. Caverns . — These are eminently adapted for the preservation of the higlier forma 
of terrestrial life (pp. 477, 626). Most of our knowledge of the prehistoric mammalian 
fauna of Europe is derived from what ha.s l»een disinterred from bone-rnws. As these 
recesses lie, for the most part, in limestone or in calcareous rock, their floors are 
commonly coated with stalagmite from the drip of the roof ; and as tliis tleposit is of 
great closeness and durability, it has effectually preserved whatever it has covered or 
enveloped. The caves have, in many instances, served as dens for predatory beasts, 
like the hytena, rave -lion, and cave -bear, which sometimes dragged their prey into 
these recesses. In other cases, they have been n)erely holes whither diflerent animals 
crawled to die, or into which they fell or were swept by inundations, Umler what- 
ever circumstances the animals left their remains in these subterranean retreats, the 
bones have been covered U]) and preserved. Still wc must admit that, after all, only 
a small fraction of the animals of the time would lie included, and thoreforo that tlie 
evidence of tlie caveni-dejKisits, profoundly interesting and valuable as it is, presents 
us with merely a glimpse of one a.speet of the life of the land. 

e. Deposit n of mineral -spriivjs. — The dejio.sit8 of mineral matter, resulting from the 
evaporation of the water of mineral springs on the surface of the ground, serve as 
receptacles fo^ ijcoasional leaves, laml-shells, insects, dead birds, small mammals, and 
other remains of the plant and animal life of tlie land (pp. 475, 611). 

/. Voleatuc (IfpoaUs. — Sheets of lava and showers of volcanic dust may entomb 
terrestiial organisms (pp. 270, 755). It is obvious, however, that even over the areas 
wherein volcanoes occur and continue active, they can only to a very limit(*d extent 
entomb and preserve the flora and fauna of the land. 

2. In the Sea. — In the next place, if we turn to the sea, wc find 
certainly more favourable*- conditions for the preservation of organic 
forms, but also many circumstances which operate against it.’ 

a. Littoral deposits. — While the level of the land remains stationary, there can bo 
but little c'flcctivp entombment of marine organi.srns in littoral dej«>.><its ; for only a 
limited accumulation of sediment will be forme«l until subsidence of the sea-tloor takes 
place. In the trifling beds of sand or gravel thrown up by storms above the limits of 
ordinary wave-action on a stationary shore, only tlie harder and more durable forms 
of life, such as the stronger gastero^ioils and lamellibranclis, which can withstand the 
triturating effects of the beach-waves, are likely to remain unetfaced (p. 580). 

If. Deeper-tcaler terrigeiwus deposits. — Below' tide-marks, along the margin of land 
whence sediment is derived, conditions are more favourable for the preservation of 
marine organisniB. Sheets of sand and mud are there laid down, whfrein the harder parts 
of many forms of life may be entomliod and protet ted from decay (p. 581). But iirobably 

^ Reference may be matte here to some terrrn* which in recent jears have come into 
general use in reference to the fauna of the ocean. ’‘Plankton," profsisetl by Heusen in 
1887 to denote all animals living jrassivciy in the sea, was Kiiliscquently ciilargerl in njeaoiug 
by Haeckel so as to embrace all the fauna of the oceanic waters. ‘‘ Henthoh ” is applied to 
all plants and animals living on or creeping over the sea-floor. “ Nekton " embraces all the 
free-swimming forms, such as Ashes and marine mammalia. An animal or plant may at 
different periods of its existence pa.ss from one of these tlesignations to another, as where it 
begins in the benthos and ends in the nekton, or rice versa. The student will find a 
Mggestive essay on the application of modem views regarding the habitats of marine animals 
to foaail forms in Prof. J. W'alther’s pajier, “Ueber die Lebensweiae fossiler Mecresthiere," 

Z. D. (L O. xlix. (1897), pp. 211-273. The sections on the mode of life of Graptolites and 
on the haldts and transport of Ammonites are of special interest. 
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mly a small proportion of tlie fauu|i that crowds these marginal waters of the ocean, 
tvith occasional ]io1agic species, may he expected to occur in such deposits. Moreover, 
for the cntomhinent and jtreservation of the remains of these organisms, there must 
obviously bo a snlliciently abundant and rapid deposit of sediment, and for the preserva* 
tion of a continuous and prolonged record of the submarine life, there must likewise be 
a slow depression of the sea-bottouj. Tiider the most favourable conditions, therefore, 
the organic remains actually jmiserved will usually i;epresent little more than a mere 
fraction of the whole assemblage of life in these juxta-tcrrestrial jtarts of the ocean. 

Ahysmai — 1 n proportion to distance from land, the rate of deposition of 

sediment on the sea-lloor must become feebler, until in the remote central abysses 
it reaches a hardly a|)prcniable minimum, while at the same time, the solution of calcar- 
eous organisms may become marked in deep water (pp. 566, 621 ). Except, therefore, where 
organic deposits such as oozti arc forming in these more ])ela^dc regions, the conditions 
must be on the whole unfavourable for the preservation of any adequate representation 
of the deep-sea fauna. Hard enduring objects, such as teeth and bones, may slowly 
accumulate and be protected by a coating of peroxide of manganese, or of silicates, such 
as are now forming here and there over the deep aca-bottom. Yet a deposit of this 
nature, if raised into land, would supply but a meagre picture of the life of the sea. 

In eonsidoriug the various conditions umler which marine organisms may be en- 
tombed and prosorvetl, we must take into account certain occasional })henomena, when 
sudden, or at least vapi«l and extensive, dostniction of the fauna of the sea may be 
caused. (1) Kartlujuake shocks have been followed by the washing ashore of vast 
quantities of dead tisli {ante, p. dTo). (2) Violent storms, by driving shoals of fishes into 
shallow water and against rocks, juoduce enormous destruction. Dr. Leith Adams 
describes the coast of part of the Day of Fundy as being covered to a depth of a foot in 
some places with dead tish, dashed ashoio hy a storm on the 24tli of September, lf^67.’ 
(3) Copious discharges of fiesh water into the sea have been observed to cause extensive 
mortality among matiiio organisms. Thus, during the H.AV. monsoon and accompany- 
ing heavy rain.s, the west coasts of some }»ai ts of India are cnvere<l with dead jish thrown 
ashore from the sea.-* l\) A sudden irruption of the outer .sea into a sheltered and 
partially bra('ki8h inlet may cause the extinction of many of the deni/eiis of the latter, 
though a few may he alih* to survive the altered conditions.^ to) Volcanic explosions 
have lieou ohserved to cause consulerable de.struetion to marine life, either from the 
heat of the lava, or from the ahuudanoe of ashes or of poi.soiious gases. (6) ^Vant of 
0 .xygeii, when fishes arc cr<nvdo<l together lu frightened shoals, or when, hurrowing in 
sand and mud, they are overwhelmed with rapidly accumulating iletiitus, is another 
cause of mortality.^ (7^ Shoals of fish arc .sometimes drixen ashore by the large 
predatory (leni/ens of the ilcop, such as whales and )»orpoi.ses, (8) Too much or too 
little heat in shallow water leads to the destruction of fish. Large nuinbeiH of salmon 
are sometimes killed in tlic pools i>f a river during dry ami hot weather. (9) Consider- 
able mortality oceasionally arises along the littoral zone from the ott’ects of severe frost. 
(10) Various diaea.scs ami parasites affect fish, and le.ml directly to tlioir death, or 
weaken them so that they are more easily caught by their enemies.^ Sueli phenomena 
as those here enumerated siiggi'st probable causes of death in the case of fossil fishes, 
wlioso roinaiiis are sonietinies crowded together in various geological formations, as for 
example, in the Old Red Sandstone. 

Of the whole sea-floor, the areas lK‘st adapted for preserving organic 

' Q. J. a. .sr. xxix. p. 303. 

'■* l>eni.sou, op. rit. xviii. p. 453. iVaOirc (19th December 1 872, p. 124) gives another instance. 

^ Forohhanimer, Kdi». Phil. Jotiru. xxxi. p. 69. i, p. 454 ; .xiii. p. 107. 

* Sir J. W. Dawson, Of(^ogi»ty ii. (1859), p. 216. 

® For fuller references, see nn interesting paper by Professor T. Rupert Jones, Gfd, Mag. 
1882, p. 533. 
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exuvije are obviously (1) that juxta- terrestrial belt in which life is most 
varied and abundant, and where sedimeift, transported by rivers and 
currents from the adjacent shores, is chiefly laid down ; and (2) those 
tracts of the open ocean where the bottom rises near enough the surface 
to become the home of an abundant and varied fatina and the site of thick 
deposits of organic remains, as on the tops of submarine volcanic ridges. 
The most fa\ourabIe conditions for the accumulation of a thick mass of 
marine fossiliferous strata will arise when the area of deposit is under- 
going a gradual subsidence. If the rate of dejiressioii and that of deposit 
be ecpial, or nearly so, the movement may concei\al»ly continue for a vast 
period without producing any gn^at apparent change in marine geography, 
and even without Muioiisly afl'eeting the distribution of life over the sea- 
floor within th«* area of subsidence, llundroils or tliousands of feet of 
sedimentary strata may ecmeeivably be in this way lieaped up rouml the 
continents, coutaininn a fnigmentary series of remains, chiefly forms of 
sliallow-water life which had hard parts capable of presevvatioti. 

There can be little doubt that such ha>, in fact, been the histoiy of 
the main mass nf stratified formations in the earth's eiiist. These piles 
<»f matine strata ha\e umiuestitmably been laid down foi- the most jiart 
in eomparatitely shallow watei, within the area of deposit of terrestrial 
sedimeut. 'Fheir great depth seems only explicable by prolonged and 
repeated mo\einenlsof subsidence, s<mietimes inlerrupt(‘d, howe\er. as we 
ku<o\, by other movements of a eontiary kind. 'J'liese geograjihieal 
changes jifli*et»‘d at once the tlepositiou of inorganic matci iais and the stie- 
cession t»f (uganie foims. (hie sfuies of .strata is sometimes abnijitly 
succeeded by another of a very ditt'erent rharaeter, and we not uneommonlv 
find a corresponding contrast between ibeir iespecii\«* organic contents. * 

It follows, from thesi- e^mditnms of sedirmmtatiou, tliai representatives 
of the abysmal deposits of the central oceans aie not likelv to be met 
with among tin* geological foimations of jiast limes. 'I'lianks to the great 
work done by the Chdlh'ntji r mmX other national e,\j)e<litioiis. we have, learnt 
what are the leailing characters of the accumulatitin.s now forming on the 
deeper jiarts of the ocean floor. So far as we yet know, tluiv have, no 
analogues among the foimations of the earth’s crust. I’liey ditler, imbued, 
so entirely from any foiiuation which geologists have considen*<l to be of 
deep-water origin as to indicate that, from early geological times, the 
present great areas of land and s<*a liave remained on the w'hole where 
they are, and that the land oonsi.sts mainly of strata formed of teiTcstrial 
debris laid down at successive epochs in the surrounding comparatively 
shallow seas. 

11. Preservation of Organic Remains in mineral masses.- The 
condition of the remains of plants and animals in rock-formations de|K*.nds, 
first, upon the original structure and composition of the organisms, and 
secondly, upon the manner in which their “ fossilisation,” that is, their 
entombment and preservation, has lieen effected. 

1. Influence of original structure and com jiosition. — 
The durability of organisms is determined by their composition and 
structure. 
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Tho internal skeletons of most vertebrate animals consist mainly of phosphate of ' 
lime ; in )nany saiirians and fishea there is also an exo-skeleton of hard bony plates or 
of scales. It is these durable portions that remain as evidence of the former existence 
of vertebrate life. The hard parts of invertebrates present a greater variety of com- 
position. In tlie vast majority of cases, they consist of calcareous matter, either 
calcite or aragonite. The carbonate of lime is occasionally strengthened by 
phosphate, while in a few cases, as in the horny brachiopods, in Conularia, Berpula, and 
some other forms, tlie phosphate is the chief constituent.' Next in abundance to lime 
is silica, which cotistitutes the frustules of diatoims and the harder parts of many 
protozoa, aud ia found also in the teeth of some mollusks. The integuments of insects, 
the cjirapaces of Crustacea, and some other organisms, are composed fundamentally of 
chi tin,- a transparent lioriiy substance which can long resist decomposition. In the 
vegetable kingdom, the substance known as cellulose forms the essential part of 
tho Iramcwork of plants. In dry air, it possesses considerable durability, also when 
thoroughly water-logged and excluded from iiieteorii* inlluences. In the latter condition, 
imbedded amid mud or sand, it may last until gradually petrified.** 

It is a familiar fact that in tlic same stratum different orgairisms occur in remarkably 
different states of conservation. This is sometimes strikingly exemplified among the 
inolliisca. The comlltions tbi their preservation may have been the .same, yet .some 
kinds of shells are found only as empty moulds or ca.sts, while others still retain their 
form, composition, and structure. Thi.s discrepancy no doubt, ]>oints to original dif- 
ferences of composition or structure. The aragonite shells of a stratum may be erftirely 
dissolved, while those of calcite may remain.'* The presence, therefore, of calcite forms 
only does not necessarily imply that others of aragonite were not originally present. But 
the conditions of petrifaction have likewise greatly varied. In the clays of the Mesozoic 
formations, for example, cephalopoda may b«* exhumed retaining even their pearly nacre, 
while in corresponding deposits among the Paheozoic .systems they are merely crystalline 
calcite casts. 

2. Fossilisation. — The condition in which organic remains have 
been entombed and mineralised may be reduce<l to three leading types, 

(1) original subitaiice is partly or wholly preserved . — Several grades may be 
noticed : {a) where tlio entire animal substance is retaiueii, us in the frozen carcases of 
mammoths in tho Silieriau cliffs ; [b) whore the* organism has been mummified by being 
encased in rosin or gum (insects in aml>ci) ; (c) where the organism has been (^rbonised 
with or without retention of its .stiueture, as is characteristically shown in jieat, lignite, 
and coal ; (d) where a variable portion of tho original substance, and especially the 
organic matter, has been removed, as hapjK-ns with shells and hones : this is no doubt 
one of the first steps towards jaitrifaction. 

(’2) Tkr original substance is entirely removed, with retention merely of external 
/orni.— Mineral matter gathers round the organism and hardens there, while the organ- 
ism itself decays. Eventually a mere mould of the plant or animal is left in stone. 
Every stage in this process may be studied along the margin of calcareous springs and 
streams {ante, p. Oil). The lime in solution is precipitated round fibres of moss, leaves, 
twigs, &c., which are thereby incrusted with mineral matter. While the crust thickens, 
the organism inside decays, until a mere hollow mould of its form i-emains. Among 


' Logan and Hunt, Amr. Joum. ScL xvii. (1854), p. 235. 

Accor**ng to C. Schmidt, the composition of this substance is C, 46*64 ; H, 6*60 ; 
N, 6'6a^* ‘^•'0*20. The brown chitiu of Scottish Carboniferous scorpions is hardly 
distiiiguiV'' that of recent species. 

* On -^'Hd coal, see C. F. Cross and E. J. Bevau, Brit. Assoc. 1881, Secta. 

p. 60S. r* ' 

^ See/tV >ef«irenn5, 177, 613. ^id authorities there cited. 



ans abundant. Some of the moat remarkable examples of this type of fossilisation are 
the Jelly-fishes which have left their records in Cambrian and Jurassic strata. These 
animals had no hanl i^arta ; like their modern representatives, they were mere gelatinous 
structures full of water, yet they have left their clear impressions on the fine silt in which 
they were entoinl^ed.* It is obvioii.s that in casta of this kind, no trace remains of the 
original structure of the organism, but merely of its external form. 

(3) The original subatnnee is molccularhj replaced by mineral matter, with partial or 
entire preservatiun of the internal structure of the organism . — This is the only true petri- 
faction. The pnxiess consists in the abstraction of the organic substances, molecule 
by molecule, and in thoir i-eplaceinent by precipitated mineral matter. So gradual and 
thorough has this interchange often been, that the minutest structures of plant and 
animal have been perfectly preserved. Silicified wood is a familiar example (see p. 474). 

The chief subatance M-hich has replaced organic forms in rocks is calcite, either 
crystalline or in an amorjihous granular condition. Jn as.suniing a crystalline (or fibrous) 
form, this mineral has often observed a symmetrical grouping of its comj>onent indi- 
viduals, thoKO l>eing usually placed with their long a.\e8 ]terpendicular to the surface 
of an orgaiiiKin. In many ca.scN, among invertebrate I'eniains, the calcite now visible is 
pseudomorplious after aragonite (p. 107). Next in abundance as a |)etrifyiiig medium 
is silii ii, most coiiimunly in the chalccdonic form, but also os (juartK. It is specially 
frequent in some linicstonc.s, as chert and flint, replacing the carbonate of lime in 


mollusks, cchincMlcfm.s, corahs, kc. It also occurs m irregular aggregates, in vliich 
organisms arc wnne times liCHUlifuIly }>reservcd It form.s a frequent matciial for the 
petrifaction of fossil wood. Silicification, or the replacement of organitmis by silica, is 
the process by which minute organic structures have been most perfectly preserved. In 
a micrnju'opic se<-tion of .silicified wood, the organisation (d the original plant may be as 
distinct as in the fwetion of any modern tree.’ Pyrites and marcasite, especially 
the latb;r, are common replacing ininerHls, abundant in argillaceous deimsits, os, for 
example, among the .lura.s.sic and Cretaceous clays. 8i derite has played a similar 
l>art among the ironstones of the Coal-ineasure.s, where shells and plants liave been 
re])lat*ed by it. Many other minerahs are cacasionally found to have Ixien substituted 
for the original subsUiice of organic remains. Among these, may be mentioned glauco- 
nite (replacing or filling forarninifera, p. 627 j, vivianite (s|M;eiully frequent as a coating 
on the weathered surface of scales and bones), Iwrytcs, celcstinn, gypsiiin, talc, lead- 
salphato, carbonate, and sulphide ; copper-sulphide and native copjwr ; ha-matite and 
limonite ; zinc-carbonate and sulphide ; cinnabar ; silver chloride and native silver ; 
sulphur, fluorite, phosphorite ’ 


§ Hi. Relative Palseontological value of Orgranlc Renlains. — Aa the 
conditions for the preservation of organic remains exist more favottrably 
under the sea than on land, relics of marine must be far more abundantly 
conserved than those of terrestrial organisms. This is true to-day, and 
has doubtless been true in all past geological tima Hence, for the 
purposes of the geologist, fossil remains of marine forms of life far sur- 


^ C. D. Walcott, * Fossil Medaiue,’ Monograph xxx. U. S. d. S. (1898). 

* On the process of petrifaction in fossil plants, see J. Felix, Z. D. U. (J. xlix. (1897) 
p. 182. • 

,• Roth, ‘Chem. Geol.’ i. p. 606. JannetUz, Bull. Sttc. OM. France (8), vii. p. 102. 
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pass all other’s in value. Among them, there will necessarily be gradations 
in importance, regulated chfefly by their possession of hard parts, readily 
susceptible of preservation among marine deposits. Among the Protozoa, 
foraminifers, radiolarians, and sponges, {possessing siliceous or calcai’eous 
oi’gairisations, have been jireserved in deposits of all ages. Of the 
Ccelenterates, those which, like the corals, secrete a calcareous skeleton 
are important lock-biiildeis. The Kchinoderms have been so abundantl}^ 
preserved that their geological history and development are better known 
than tho.se of most other classes of invertebrates. The Annelids, on 
the other hand (except where they have been tubicolar), have almost 
entii’cly disapireai’ed, though their former jn’esence is often revealed by 
the trails they have left uprrn surfaeris of sand and mird. Of all the 
marine tribes which live within the juxta-terrestrial belt of sedimenta- 
tion, umjue.'stionably the Mollusca stand in the front rank, as regards 
their aptitude for becoming fossils. In the first place, they almost all 
possess a hard durable shell, cornposerl chiefly of mirreral matter, capable 
of I’esisting considerable abrasion, and readily pa.ssing into a mineralised 
condition. In the next place, they are extremely alaindant both as to 
individuals and geiieia. They occur on the shore up to high-water mark, 
and range thence down into the abysses. Moreover, they appear to have 
]) 0 ssr's.sed these qualifications from early geological times. In the marine 
Mollusca, therefore, wc have a common ground of comparison between 
the stratified foi’mation.s of diflerent periods. They ha\o been styled the 
idphabot of paleontological imiuiry. It will be seen, as we proceed, how 
much, in the intcn pretaiion of geological history, deptmds upon the testi- 
mony of sea shells. 

Turning next to the organisms of the land, wo perceive that the 
abuiulant terrestrial flora has a comparatively small chance of being well 
represented in a fossil state; that indeed, as a rule, only that portion of 
it of which the leaves, twigs, flowers, fruits, or trunks are blown into 
lakes, or swept down by rivers, is likely to be partially preserved. 
Terrestrial plants, therefore, occur in comparative rarity among stratified 
rock.s, and furnish in consequence only limited means of comparison 
between the formations of diflerent ages and countries, although wheic 
they have been plentifully preserved they furnish valuable bases for 
stratigraphieal correlation, as has been shown dunng recent years in the 
case of the Carboniferous and Cretaceous floras (see Book VI. Part II. sect, 
iv. ^ 1 ; Part III. sect. iii. ^ 1). Of land animals, the vast majority perish, 
and leave no permanent trace of their existence. Predatory and other 
forms, whost; remains may be lookei^ for in caverns or peat-mosses, must 
occur more numerously in the fossil state than birds, and are correspond- 
ingly more valuable to the geologist for the com|iarison of different strata. 

Another character determines the relative imporUince of fossils as 
geological monuments. All organisms have not the same inherent capa- 
bility of {lersisNince. The longevity of an organic type has, on the 
whole, been in inverse proportion to its perfection. The more complex 
its structure, the more susceptible has it been of change, and consequently 
the less likely to lie able to remain unaffected by the influences of vary- 
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ing climate, and other physical conditions. A living species of forumiiiiler 
or brachiopod, endowed with comparative incfifference to its environment^ 
may spread over a vast area of the seji-Door, and the same want of sensi- 
bility enables it to endure through the changing physical conditions of 
successive geological periods. It may thus possess a great range, both in 
space and time. But a highly-specialised mammal is usually confined to 
but a limited extent of country, and to a narrow chronological range.* 

§ Iv, Uses of Fossils in Geology. — Apart from their profound intoit^st 
as records of the progress of organised being upon the earth, fossils 
serve three main purposes in geological research : (1) to throw light upon 
former conditions of physical geography, such as the presence of land, 
rivers, lakes, and sciw, in places where they do not now exist, upon 
changes of climate, and upon the former distribution of plants and 
animals ; (2) to furnish a guide in geological chronology whereby rocks 
may be classified according to relative date, an<l the facts of geological 
history may be arranged and interpreted as a connected record of the 
earth’s progress : and (3) to aff(jrd a clue to the causes which have led to 
the distribution of animals over the globe ifi ancient and modern time. 

1. Changes in Physical (leography, — A few examples will 
suffice to show the manifold assiotance which fossils furnish to the geolo 
gist in the elucidation of ancient geograjdiy. 

(fO Former land-aurfaccH are revealed liy the presence of tree -Htuntps in their 
positions of growth, with their roots hraiiehing freely in the underlying stratum, which, 
representing the anoient soil, often contaiius leaves, fruits, and other sylvan remains, 
together witli traces of the hones of laiid-aiiimalH, remains of inserts, land -shells, &r‘. 
Ancient woodlaml surfaces of this kind, fouinl ls‘tween tide-marks, and even below low- 
water line, round different parts of the British coast, have iH*en above <ieseril>ed as “Sub- 
merged Forestft" (p. 38Ht. Of more aiicu-nt date are the “ dirt-beds ” of Bortland 
(Book VI. l^art III. Sect. ii. g 2}, wliieh, by their layem of soil and trce-stuTnjw, 
show that woodlands *jf cycads sprang up over an upraised sea-bottom and were buried 
beneath the .silt of a river or lake. Still farther back in geolugieal history come the 
coal-growths of the CarlKiniferous period, which, with their “ under-elays ” or soils, 
point to wide jungles of terrestrial or aquatic plants, like the modern mangrove-swamps, 
that were succes-sivelv sul»merged and covered with sand or silt (Book V'l. l^irt. II. Sect. 
«v. § 1). 

ib) The former existeiioe of lakes can hs' satisfacloi ily proved frfjni beds of marl 
or laeustrino limestone full of freshwater shells, or from fine silt with leaves, fruit*, and 
insect remains. Such dci>osits are growing abundantly at the present day, and they 
occur on various horizons among the geological formations of ])ast timeh. The well- 
known Nagelflue of Switzerland and the oatldis worm liinestoiies of Auvergne ran Is* 
shown from their fossil contents to be essentially lacustrine de[H>8its (Book VI, Part IN'. 
Sect. ii. § 2). Still more important are the ancient Eocene and Miocene lake-formations 
of North America, whence so rich a terrestrial aud laeustiinc flora and fauna have Issen 
obtained (Book VI. Part IV. Sect. i. g 1). 


* The great value of mamiualian remains for pur}>oseK of geological chronology has l>een 
well enforceil by Professor Marsh, Address Ui the American Association for the Advancement 
of Science, 30th August 1877, Jwi^r. Jo^rn. ikt. xiv. (1877), pp. 338-378; xlii, (1891), 
p. 836 ; Vi. (j^98), p. 483 ; Mag. 189S, p. 665. Dr. W. T. BUnford points out that, 
in some cases at least, fluviatUe mollusks have been more short-lived than terrestrial mam- 
mala, Address, Gtol. Section, EriL Auoc. 1884, 
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(c) Old Bea-bottoiuB are vividly brought before us by beds of marine shells 
and other orgauisinB. Layers <A water-worn gravel and sand, with rolled shells of 
littoral and infra littoral species, unmistakably mark the position of a former shore-line. 
Deeper water is indicated by finer muddy sediment, with relics of the fauna that prevails 
beneath the reach of waves and ground-swell. Limestones full of corals, or made 
up of crinoids, point to the slow, continuous growth an<l decay of generation after 
generation of organisms in clear sea-water. 

(d) Variations in the nature of the water, or of the sea-bottom, may some- 
times be shown by changes in the size or shape of the organic remains. If, for example, 
the fossils in the central and lower parts of a limestone are large and well-formed, but 
in the upper layers become dwarfed and distorted, we may reasonably infer that the 
conditions for their continued existence at the locality must have been gradually 
impaired. The final complete cessation of these favourable conditions is shown by the 
replacement of limestone by shale, indicative of the water having become muddy, and by 
the disap^iearauce of the organisms, which had shown their sensitiveness to the change 
(pp. 766, 767). 

(e) The proximity of land at the time when a fossiliferous stratum was in the 
course of accumulation may be sufficiently proved by mere lithological characters, as has 
been already explained ; hut the conclusion may be further strengthened by the occurrence 
of leaves, stems, and other fragments of terrestrial vegetation, with remains of insects, 
birds, or terrestrial mammals, which, if found in some numbers in certain strata inter- 
calated among others containing marine organisms, would make it improbable that 
they had been drifted far from land (p. 683). 

if) The existence of different conditions of climate in former geological periods 
is satisfactorily demonstrated from the testimony of fossils. Thus, an assemblage of the 
remains of palms, gourds, and melons, with bones of crocodiles, turtles, and sea-snakes, 
proves a sub-tropical climate to have prevailed over the south of England in the older 
Tertiary ages (Hook VI. Part IV. Sect. i. § 1). On the other hand, the extension 
of a cold or arctic climate far south into Europe during post-Tertiary time, can be 
shown from the existence of remains of ai'ctic anintals, even in the south of England 
and of France (Book VI. Part V.). • This is a use of fossils, liowever, where great caution 
most be observed. Wo cannot affirm that, because a certain s^wcics of a genus lives 
now in a warm part of the globe, every species of that genus must always have lived 
in similar circumstances. The well-known examples of the mammoth and woolly 
rhinoceros that lived in the cold north, while their modern representatives inhabit some 
of the warmest regions of the globe, may be usefully remembered as a warning against 
any auch conclusion. When, however, not one fossil merely, but the whole assemblage 
of fossils in a group of rocks, finds its modern analogy in a certain general condition 
of climate, we may, at least tentatively, infer that the same kind of climate prevailed 
where that assemblage lived. Such an inference would become more and more unsafe 
in proportion to the antiquity of the fossils, and their divergence from existing forms.^ 

As on illustration of the application of the evidence of fossils in the interpretation of 
ancient conditions of geography at different geological periods, reference may be made 

^ See Neumayr, Xature, xlii. (1890), pp. 148, 175. This author specially devoted himself 
to the study, of ancient climates as indicated by fossils. As an illustration of his methods 
his essay on the climatic zones of Jurassic and Cretaceous time may be cited, Denkach, Akad^ 
IPtVn, xlvii. (1883), and 1. (1886). On fossil plants in relation to climate see J. D. Hooker, 
Address, Brit. Am. (1881), p. 727 ; Proe. Boy. Soe. xxvi. (1877), p. 441 ; A. C. Seward, 
** Fossil plants as tests of Climate ’’—the Sedgwick Prize Essay for 1802 ; and the elaborate 
essay by Max Semper, Das Palttothermale Problem, speciell die klimatischen VerhiUtnisse 
des Bockn in Europa und im Polargebiet,” S. B. O. Q. xlviii. (1896), pp. 261-^49, li. (1899), 
pp. 186-206. Probably a wider and more precise and critical collation of the palnonto- 
It^cal evidence is needed before satisfactory conclusions can be drawn ftx>m it. 
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more etpecudly to the investigation of the various basins in which the Jurassic rooks of 
Europe were deposited. The positions of the seas and l^fhds, and the variations of climate 
have been ascertained with sufficient detiniteuess to give us some conception of the 
physical geography of that ])art of the globe during early Mososoic tinie.^ 

2. Geological Chronology, — Although absolute dates cannot 
bo fixed in geological chronology, it is not difficult to determine the 
relative age of different strata. For this pur}x>se the fundamental law 
is based on the "order of superposition” (pp. 657, 855) : in a scries of 
stratified formations, the older underlie the younger. It is not needful 
that we shotild actually see the one lying below the other. If a continu- 
ous conformable succession of strata dips steadily in one direction, we 
know that those at the one end must underlie those at the other, 
because we can trace the whole series between them. Hare instances 
occur, where strata have been so folded by great terrestrial disturlwince 
that the younger are made to underlie the older. But this inversion 
can usually be made clear from other evidence. The true order of 
superposition is decisive of the relative ages of stratified rocks. 

The order of sequence having licen determine<l, it is needful to find 
some means of identifying a particular formation elsewhere, when its 
st^atigraphical relations may possibly not be visible. At first, it* might 
be thought tiiat the mere external aspect and mineral characters of the 
rocks ought to Ijc sufficient for this purjXise. Undoubtedly these features 
may suffice within the same limited region in which the order of sequence 
has alrtwdy been determined. But as we recede from that region, they 
become more and more unreliable. That this must bo the case will 
readily appear, if we reflect upon the condition.s un<lpr which sedi- 
mentary accumulations have been formed. The markedly lenticular 
nature of these deposits has already been descril^d (p. 651). At the 
present day, the sea-bottom presents here a Isink of gnivel, there a sheet 
of sand, elsewhere layers of mud, or of shells, or of organic ooze, all of 
which are in course of deposit simultaneously, and will ;is a rule l>e 
found to shade off laterally into each other. The same diversity of con- 
temporaneous deposits has obtained from the earliest geological periods. 
Conglomerates, sandstones, shales, and limestones occur on all geological 
horizons, and replace each other even on the same platform. The Coal- 
measures of Pennsylvania are represented west of the Rocky Mountains 
by thousands of feet of massive marine limestones. The white Chalk of 
England lies on the same geological horizon with marls and clays in 
North Grermany, with thick sandstones in Saxony, with massive limestones 
in the south of France. Mere mineral characters are thus quite unreliable, 
save within compaiutively restricted areas. 

The solution of this problem was found, and was worked out for the 
S^ndary rocks of England, by William Smith at the end of the 
eighteenth century. It is supplied by organic remains, and depends upon 
the law that the order of succession of plants and animals has been 
similar all over the world* According to the order of superposition, the 

* See eepedsUy Neomajrr, VerK, Geol. ReuJuanst. 1871, p. 64, JaM. OtU. Reiduanst, 
zzvtiL (1878), eSd his tmaj cited in tilie foregoing note. 
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fossik found in any deposit must be older than those in the deposit above, 
and younger than those tn that below. This order, however, must 
be first accurately determined by a study of the actual stratigraphy of 
the formations ; for, so far as regards organic structure or affinities, there 
may be no discoverable reason why a particular species should precede or 
follow another. Unless, for example, we knew from observation that 
Rhynchmella pleurodmi is a shell of the Carboniferous Limestone, and 
Rhynchonella ielrahedm is a shell of the Lias, we could not, from mere 
inspection of the fossils themselves, pronounce as to their real geological 
position.^ It is quite true that, by practice, a pidaeontologist has his eye 
so trained that he can make shrewd inferences as to the phyllogeny of 
extinct forms and as to the actual horizon of fossils which he may never 
have seen before (and this is more especially true in regard to the mam- 
malia, as will be immediately adverted to), but to do this he should 
possess a wide experience of the ascertained order of appearance of 
fossils, as determined by the law of superposition. For geological 
purposes, therefore, and, indeed, for all pur|M)ses of comparison between 
the faunas and floras of different periods, it is absolutely essential, first of 
all, to have the order of superposition of strata rigorously determined. 
Unless this is tlono, the most fatal mistakes may be made in palajonto- 
logical chronology. But when it has once been done in one typical 
district, the order thus established may be held as proved for a wide 
region where, from paucity of sections, or from geological disturbance, 
the true succession of formations cannot be satisfactorily determined. 

The order of superposition having been detennined in a great series 
pf stratified formations, it is found that the fossils at the bottom are not 
quite the same as those at the top of the series. As wx trace the forma- 
tions upward, we discover that species after species of the lowest platforms 
disappears, until perhaps not one of them is found. With the cessation 
of these older species, others make their entrance. These, iji turn, are 
found to die out and to be replaced by newer forms. After patient exam- 
ination of the rocks, it is ascertained that every well-marked formation 
is distinguishable by its own species or genera (characteristic fossils, 
Leitfossilien) or by a general assemblage or fades of organic forms. This 
can only, of course, be determined by actual practical experience over 
an area of some size. The characteristic fossils are not always the most 
numerous ; they are those which occur most constantly and have not been 
observed to extend their range above or below a definite geological horizon 
or platform. For the determination of geological chronology, as already 
pointed out, it may be affirmed as a general principle that the higher and 
more specialised the type of organism the more local is its area in space 
and the more limited its range in time. Hence mammalian remains 

* The derivation of some forms by descent from others may be inferred with more or 
less probiibility, and such genetic affinities may farnish valuable suggestions to the pidse- 
ontologist. But that the risk of erroneous interpretation and fanciful deduction in such 
matters is real and serious was well shown in the discussion of the presumeil derivation of 
the Olenellidian trilobites from the Paradoxidian forms, until it was shown that the former 
were really the precursors of the latter. 
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have a special value in this respect^ But some invertebrate groups 
possess great importance as fixing stratigraphiCal horizons ; as, for example, 
the ammonites in the Jurassic and the graptolites in the Silurian system. 

A^> illustrations of fossils* cliaractoristio of soino of tlio largpr Hulnlivisions of 
tho rieolo>fi<‘al Keconl, the followinpf may he given. I^'pulodemlra and Sigillariie are 
typical of Old Re<l Sandstone and CarlKniiferous de|iosiU ; Graptolites of the Silurian 
.'jy.stom ; Trilobitesof Palaeozoic rocks from Cambrian to I’ermian, but more particularly 
of the Cambrian and Silurian systems ; Cyslideans of the older Pala*o/oic, es|H!cially tho 
Silurian, rock-groups; Blasloids pre-eminently of Ixiwer Carboniferous rocks. Ortbo- 
ceratites are mainly Paltcozoic, and Ammonites Mesozoic , Ichthyosaurs and Plesiosaurs, 
Mesozoic, ; Nummulites, Pal.eotheriurn, Anoplotherium. Hyoj>otamus, and Anlbraco- 
therium belong to older Teitiary, and Ma.stodon, Klephas, llyaurn, Orvus, and 
Kquus to younger Tertiary and recent time. Tho oecurrem-e of such organisms in 
any rock, at once indicates the gieat division of geological time to which tho rock 
hhould be assigned. 

The distinctive fossils of a system or forimition, having been ascer- 
tained from a sufficiently prolonged and extended ex})erience, serve to 
identify that scries of rocks in its progress acros.s a country, 'rhus, 
as we trace a formation into tracts where it would be impo.ssilde to 
<leterniino the true order of superposition, owing to the want of 
sections, or to the disturbed condition of the rocks, we can employ 
the typical fossils as a means of idenlifiaitiori, and speak with confi- 
dence a.s to the succession of the. rocks. We may even demonstrate that 
in sotne mounUiinous ground, the strata have been turned completely 
upside down, if we can show that the fos.sil.s in what are now the upper- 
most lavers ought ]>ropcrly to lie underneath those in the beds l>clow 
them, 

Ihnlonged study of the succession (if organic typc.s in the geological 
past all over the world, has given pala*ontologists sonie confidence in 
fixing the relative age of fossils belonging even to previously unknown 
speeie.s or gimera, and occurring undiw circuni.stances where no order of 
superposition has been made out. For instance, the general sequence of 
mammalian ty[)es having now been .settled by the law of superposition, 
the horizon of a mammaliferous depo.sit may be approximately determined 
by the grade or degree of evolution demited by its mammalian fossils. 
Thus, should remains be generically abundant, differing from those now 
living, and presenting none of the extreme eontrast.s which are now found 
among our higher animals, should they (unhrace neither true ruminants, 
nor solipedes, nor proboscidians, nor apes, th(*y might with high jiroba- 
bility be referred to the Eocene ]>eri(Kl.- Kcasoning of this kind must ho 
based, howeviu’, upon a wide basis of evidence, seeing that the; progroBS 
of development has been far from equal in all ranks of the animal world. 

* Consult the pajjcrs of Professor Marsh qnotcfl on j*. ami see c^jiccially the plate in 
the 1891 jmp<‘r, in which the .sncoe.ssive inaiiiuiali.in zones ii, the (jeologniil Kcc^ml of North 
America are given ; also the jiaiHira of Prof. OslNirn, Dr. Wort man, and Mr. W. D. Matthew 
on the Tertiary lake-l>a.siiis of western North AnieTica and their verU*brat(? f.mnus, especially 
the es.say, Piovihiotml Clas.sjfication of the Fresh-water Tertiary of the West," yfn/A 
Anurr. Mtia. NaL //w^, New York, xii. fl899), p. 19. 

® Gaudry, ‘Lea Enchainemeuta du Monde Animat,' 1878, j». 216. 
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Observations made over a large part of the surface of the globe have 
enabled geologists to divide the stratified part of the earth’s crust into 
systems, formations, and groups (p. 860). These subdivisions are 
frequently marked off from each other by liflbological characters. But, 
as already remarked, mere lithological differences afford at the best but 
a limited and local ground of separation. Two masses of sandstone, 
for example, having exactly the same general external and internal 
characters, may belong to very different geblogical periods. On the 
other hand, a senes of limestones in one locality may be the exact 
chronological equivalent of a set of sandstones and conglomerates at 
another, and of a series of shales and clays at a third. 

Some clue is acconlingly needed, which will permit the divisions of 
the stratified rocks to be grouped and compared chronologically. This 
fortui»ately is well supplied by their characteristic fossils. Each forma- 
tion being distinguished by its own assemblage of organic remains, it 
can be followed and recognised even amid the crumplings and dislocations 
of a distui’bed region. The same general succession of organic types has 
been observed over a large {wirt of the world, though, of course, with 
important modifications in different countries. 

It is evident that, in this way, a method of comparison is furnished 
whereby the. stratified groups of different parts of the earth’s crust can 
be brought into relation with each other. We find, for example, that 
a certain group of strata is characterised in Britain by certain genera 
and species of corals, brachiopods, lamellihranchs, gasteropoda, and 
cephalopoda. A group of rocks in Bohemia, differing more or less from 
the British type in lithological aspect, contains on the whole the same 
genera, and some even of the some species. In Scandinavia, a set of beds 
may be scon, unlike jwrhaps in external characters to the British typo, but 
yielding many of the same fossils. In Canada and parts of the northern 
United States, other rocks enclose some of the same, and of closely allied 
genera and species. All these groups of strata, having the same general 
facies of organic remains, are regaixled as belonging to the same great 
period in the history of life upon the globe, and are said to be “ geologically 
contemporaneous.” The term “horaotaxis” was proposed by Huxley^ to 
express the idea that the general sequence of life had been the same in 
each region, without implying that the same stage of development was 
everywhere synchronous. He thought that a definite stage like that of 
the Devonian in one country might have been coeval with another stage, 
say the Silurian, in another country, and with the Carboniferous in a thi^. 
This extreme position few geologists were disposed to accept. The sub- 
sequent progress of investigation has tended to confirm the older belief, 
that each great geological period was, in the broadest sense, contemporaneous 
over the globe, though it might begin earlier or end later in one region 
than in another. The various faunas are never inverted, but always 
follow the same order of succession all over the world. 

On any theory of the origin of species, the spread of a,»8pocies, still 
more of any group of species, to a vast distance from the original centre 
* g. /. 0. S. xviii. (1862), p. xlvi. 
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0 ^ dispersion, must in most cases have been extremely slow. It doubtless 
occupied so prolonged a time as to allow •of wixat changes in physical 
geography. A species may have disappeared from its primeval birth- 
place, while it continued to flourish in one or more directions along its 
outward circle of advance. The date of the first appearance and final 
extinction of that species would thus differ widely, according to the 
locality at which we might examine its remains. Nevertheless, enormous 
though the lapse of time must have been to allow a species, a genus, or a 
fauna to become world wide in distribution, it must have been vastly 
less than that during which the fauna flourished and underwent the slow 
biological evolution represented by a single geological formation, with its 
succession of life-zones. While the grand march of life, in its progress 
from lower to higher forms, has l)een broadly alike and in a vague sense 
simultaneous in all quarters of the globe, its rate of advance has not 
everywhere been the same. It has moved unequally over the same 
region. A certain stage of progress may have l)cen reached in one 
quarter of the globe many thousiinds of years before it was reached in 
another j though the same general succession of organic typs may l)e 
found in each region. There seems to be now sufticient evidence, for 
example, to warrant the assertion that the progress of terrestrial vegeta- 
tion has at some geological periods and in some regions, been in advance 
of that of the marine fauna (see p. 848). Hence arise anomalies in the 
attempts to group the geological formations of distant countries in con- 
formity with Eiu*opean standards. As Dr. Blanford has well remarked, 
“in instances of conflicting evidence between terrestrial or freshwater 
faunas and floras on the one side, and marine faunas on the other, the 
geological age indicated by the latter is prol»ably correct, because the con- 
tradictions which prevail between the evidence aflbrded by successive 
terrestrial and freshwater beds are unknown in marine deposits ; because 
the succession of terrestrial animals and plants in time has been diflerent 
from the succession of marine life ; and b(!cause in all past times the 
differences between the faunas of distant lands have probably been, as 
they now are, vastly greater than the diflerenccs between the animals 
and plants inhabiting the different seas and oceans.” ^ 

3. Geographical Distribution of Plants and Animals. — As 
the plants and animals now living ofi the .suHace of the globe are the 
descendants of those that flourished in earlier j)crimls, it is obvious that 
in order to understand how they liavc come to be distributed as we now 
* In his suj;c?^tive arldress to the (ieologicul Section of the British As-sociation at the 
Montreal meeting, from which the above quotation is taken, l>r. Blanford gives some 
examples of the contradiction.s involved in attempts to correlate distant deposits by means of 
land and freshwater faunas and floras. The Damuda beds of Indio, as he points out, contain 
a flora with Middle Jurassic affinities, but the fauna of the overlying Panchet l)eds is rather 
Triassic or even Permian. Still more striking wai the example furnished by the Lower Coal- 
measures of New South Wales, wliere plants which botaiii.sts lielieved to be of Jurassic types 
were found iu the same stratified deposits with umloubted Carbon iferoua Limestone marine 
organisms {<^fihocer(i&, Convlaria^ Spirifer^ FeneHeUa, kc . ). This author retarne<l to the sub- 
ject in his presidential addreases to the Geological Sodetj. <?. J. U. S. xlv. (1889), p. 72 ; 
xlvL (1890), p. 140. See jjostea on the Olo»»q>teris-flon, Book VI. Part IT. Sect iv. 
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find them, wc must know something of their ancestry and of their gwii 
history. Their derivation from other types of life that preceded them 
forms part of a vast 8u})ject which belongs rather to biology than to 
geology, btit to w^iich some brief allusion will be made in the next section 
of this Book (p. 845). The past history of the species and genera of 
living floras and faunas is embraced, however, within the province of 
the geologist in so far as it is from the evidence which he can collect 
that our knowledge is derived of the causes that have contributed to the 
present distribution of plants and animals. This evidence is drawn partly 
from the deposits in which the remains of living species have been 
preserved, and partly from a consideration of the changes of geography 
and climate which can be ascerUiincd to have taken place in late geological 
time. An early and classical example of the application of geological 
investigation to the history of the flora and fauna of a country was the 
remarkable essay by Edward Forbes on the origin of those of Britain.* 
Arranging the vegetation of these islands into five separate floras, he 
traced out the geographical connection of each, and showed the order 
in which, as he believed, they had successively appeared. The oldest 
pointed, in his opinion, to a former land-connection between the west and 
south-west of Ireland and the north of Spain. The second showed an 
ancient prolongation of the south-west of England and south-east of 
IrolaTid across the Channel Isles into France. The third connected the 
Chalk Downs of the south-east of England with those of noithern 
Franco. The fourth, restricted to the higher hills and mon^lJns, 
was shown to be Scandinavian in character, and to have spreac* over the 
country during the time when an Arctic climate pievailcd in northern 
and central Europe. The fifth or general flora was recognised as identical 
with that of central and western Europe, and to have eora<' into BriUin 
as the latest plant-migratioti of the whole. These early and .suggestive 
goneralisatio!is of Forbes have been modified and extended by later 
rese^jirch, but his luminous essay ought still to be read by every student 
who de.sire8 to obtain a broad and vivid conception of the way in which 
geological history may bo made to interpret the distribution of the 
present ])lant and animal life of the earth’s surface.- 

'riie profound geological interest of the present geographical distribu- 
tion of plants and animals has been indicated in some of the most 
imj>ortiint contributions to geological literature. Thus the subject was 
luminously treated by Darwin in chapters xii. and xiii. of his ‘ Origin of 
Species,’ and by Lyell in chapters xxxviii. to xli. of his ‘ Principles of 
Oeology.’ It has been tvbly discussed by Mr. A. R. Wallace in his 

^ *' On the Coimexion between the Distribution of tlie existing Kauna and Flora of the 
British Isles anil the Geological changes which have affected their area, especially during 
the epoch of the Northern Drift.” Mem. Oed. Sure. i. (1846), pp. 336-432. 

^ The student, after studying this ntemoir, may with advantage turn to the little volume 
by Mr. Clement Reid, ‘The Origin of ^he British Flora,’ London, 1899, where he will find 
the s\ibject discussed in the light of theVost amount of geological work that «has been done 
since the pioneer work of Kklward Forbes, whose generalisations were necessarily imperfect 
and in some respects erroneous. 
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works on the ‘ Geogrcaphical Distribution of Animals’ (2 vols. 1S7C) 
and on * Island Life’ (1880).^ * 

4. Imperfection of the Geological Record." — Since the 
statement was made by Darwin, geologists have more fully recognised 
that the history of life has been very imperfectly chronicled in the stratified 
parts of the earth’s crust. Apart from the fact that, even under the most 
favouralde conditions, only a small proportion of the lot«il flora and fauna 
of any period would be ])reserved in the fossil .state, enormous gaps occur 
where, from non-deposit of strata, no record has been ])rcstn-ved at all. It 
is as if whole chapters ami books were missing from a historical work. 
But even where the reconl may originally have been tolerably full, })owcr- 
fill dislocations have often thrown considerable portions of it out of sight. 
Sometimes extcnsi\’e inetamorphism has so affectetl the rocks that their 
original characters, including their organic contents, have lieeii destroyed. 
Oftenest of all, denudation has come into play, and vast masses of strata 
have been entirely worn away, as i.s .shown not only by the erosion of 
existing land-surfaces, but by the abundant unconformabilities in the 
structure of the earth’s crust (p. 

While the mere fact that one .series of rocks lies unconformably on 
the denuded surface of another, proves the lapse of an interval betwi'cn 
them, the relative length of this interval may .sometimes be demonstrated 
by means of fossil evidence, and by this alone. Let us suj>[)ose, foi‘ 
cxaiujile, that a certain group of formations has ln'cn disturlxsl, u}>raised, 
denmlcd, and covered unconformablv by a second group. In lithological 
characters, the two may closely r<*semblc each otlnu*. and there may be 
nothing to show that the gap rej»resent«*d by their unconlormalhlity jh 
of an important character. In many e.ases, indeed, it would be (piite 
impossible to pronounce any well grounde<l judgment as to the length 
of interval, even mea.sured by the vague relativi*. standards ot geoh»gical 
chronology. But if each group contains a well pr»“.served .suite of oiganic 
remains, it may not only l)e possible, but easy, to say how much nf the 
known geological record has been left out between the two sets of 
formations. By comparing the fos.sil.s with those obtained from i<;gdon.s 
where the geological record is more c<»mplete, it may be ascertained, 
perhaps, that the lower rocks belong to a ♦•(U’tain platform or stage in 
geological history which, for our pre.sent purpose, we may call D, and 
that the upper rocks can, in like manner, be paralleled with .stage II. It 
would be then apparent that, at this lo<’ality, the chronich*s of threi* gieat 
geological periods, K, F, and G, were wanting, which an*, elsewhere lound to 
be intercalated between 1) and H. The lapse <»f time represcnteil by this 
unconformability would thu.s be c(juivalenl to that reqiiiretl for the accumu- 
lation of the three missing .series in those regions where, sedimentation 
having been more continuous, the record of them has been preserved. 

* Among the treaties in which thin subject is ilealt with reference niay again Iw ina<ie 
to those of Professor Gaudry, cited on p. 824. The hismry of the fauna of Eur<>j>« has 
been ably inv«itigated by Dr. R. F. Scharff (P/w. Huy. Irish Arad. 1897, pp. 42<-514, and 
his separate volume on ‘The History of the European Faunm’ 1899;. 

* See p. 855. 
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But fossil evidence may be made to prove the existence of gape which 
are not otherwise apparent^ As has been already remarked, changes in 
organic forms have probably been, on the whole, extremely slow in the 
geological past. I’he whole species of a sea-floor could not pass entirely 
away, and bo replaced by other forms, without the lapse of long periods 
of time. If, then, among the conformable stratified deposits of former 
ages, we encounter abrupt and important changes in the facies of the 
fossils, we may bo certain that these must mark omissions in the record, 
which we may hope to fill in from a more perfect series elsewhere. The 
striking paUeontological contrasts between unconformable strata are 
sufficiently explicable. It is not so easy to give a satisfactory account of 
those which occur where the strata are strictly conformable, and where 
no evidence can be observed of any considerable change of physical con- 
ditions at the time of deposit. A group of quite conformable strata, 
having the same general lithological characters throughout, may be 
marked by a groat discrepance between the fossils of the upper and the 
lower part. A few species may pass from the one into the other, or 
perhaps every species may bo diflerent. In cases of this kind, when 
proved to bo not merely local but persistent over considerable areas, we 
must admit, notwithstanding the apparently undisturbed and continuous 
character of the original deposition of the strata, that the abrupt transi- 
tion from the one facies of fossils to the other represents a long interval 
of time which has not been recorded by the deposit of strata. Sir A. C. 
Ramsay, who called attention to these gaps, termed them “ breaks in the 
succession of organic remains.”^ They occur abundantly among the 
European Palueozoic and Secondary rocks, which, by means of them, can 
be separated into zones and sections (see pos/ra, p. 860 ). But though 
traceable over wide regions, they were prolmbly not general over the 
whole globe. So far as geological evidence can show, there have never 
been any universal interruptions in the continuity of the chain of being. 
The breaks or apparent interruptions no doubt exist only in the sedi- 
mentiiry reconl, and may have been produced by geological agencies of 
various kinds, such as cessation of deposit from failure of sediment owing 
to seasonal or other changes ; alteration in the nature of the sediment 
or character of the water ; variations of climate from whatever cause ; 
elevation or subsidence by subterranean movements, bringing successive 
submarine zones into less favoumblo conditions of temperature, &c. ; 
and volcjiiiic discharges. The physical revolutions, which brought about 
the breaks, wore no doubt sometimes general over a whole zoological 
province, more frequently over a minor region. Thus, at the close of the 
Triassic period the inland basins of central, southern, and western Europe 
were effaced, and another and different geographical phase was introduce 
which permitted the spread of the peculiar fauna of the “ Avicula contorta 
zone *' from the south of Sweden to the plains of Lombai*dy, and from the 
north of Ireland to the eastern end of the Alps. This phase in turn dis- 
appeared to make way for the Lias with its numerous “zones,'’ each 
distinguished by the maximum development of one or mete species of 

^ Q. J. G. S. xix. xz. Preiiid«i)ti«l Addresses. 
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ammonite.^ These successive geographical revolutions must, in many 
cases, have caused the complete extinction cff genera and species possess- 
ing a small geographical range. Nevertheless, it must he .'idmitted that 
in many instances where fossil sj^ecies have a wide geographical exten- 
sion, but a limited stratigraphical range, such as the sj^ocies of Silurian 
graptolites and Jurassic ammonites, no satisfactory evidence has been 
adduced to connect the change of s})ecies with geographical revolutions. 
There may be some biological law not yet perceived, which has governed 
such organic mutations. 

It is abundantly clear, however, that the geological record, as it now 
exists, is at the best but an imperfect chronicle of geological histruy. In 
no country is it complete. The lacume of one region may be supplied 
from another ; yet in proportion to the geographical <lisUince between the 
localities whore the gaps occur and tho.se whence the missing intervals 
are supplied, the element of uncertjiinty in our reading of the record is 
increased. The most desirable method of re.search is to exhaust the 
evidence for each area or province, and to comjkare the general order of 
its succession as a w’hole, with that which can be esuiblislied for other 
provinces. It is, therefore, only after long and patient observation and 
comparison that the geological history of different quarters of the globe 
can be correlated.^ 

5. Subdivisions of the Geological Record by moans of 
Fossils. — As fos.sil evidence furnishes a much nuwe satisfactory and 
widely applicable means of subdividing the stratified rocks of the earth’s 
crust than mere lithological characters, it is made the basis of the geo- 
logical classification of these rocks. Thus, a j)artitMilar zone f)r group of 
strata may be uscertaiued to be marked by the occurrence in it of various 
fossils, ono or more of which may be distinctive, cither from occurring in 
no other zone or group, or from special abundaiiee in that zone. These 
species may, therefore, be used as a guide to the occurrence of the zone in 
qiie.stion, which may be called by the name of the most abundant species. 
In this way, a geological lun’izon or zone is marked off, and geologists 
thereafter recognise its position in the geologic.al series.'* Rut before such 
a generalisation win be wifely made, we inu.st be .sure that the species in 
question really never docs characterise any other platfonn. This evi- 
dently demands wide experience over an extended field of observation. 
The assertion that a ixirticular species or genus occurs only on ono 
horizon, or within ccrtjiin limits, manifestly rests on negative evidence 
as much as on |x>sitive. The palaeontologist who makes it cannot mean 
more than that he knows the species or genus to lie on that horizon, or 

* Consult on this subject the memoirs on Jura.s*,u- gcogru|ihy f>f the late Professor 
Neuraayr, quoted ante, pp. 8.34, 835. 

* For an example of the working out from fos.«iil evidence of the history of the vaiious 
province.s or regions of a large area of the earth's surface during an ancient geological period, 
see the digest given by Professor Hyatt of what is known of the Jurassic tracts of Europe, 
in his essay en the ‘Genesis of the Arietids,’ chap. iv. 

* This subject is more fully discussed in the introtluctory part of Book VI., which treats 
of Sttatigraphical Geology. 
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within those limits, and that, so far as his own experience and that of 
others goes, it has never heftn met with beyond the limits assigned to it. 
But a single instance of the occurrence of the fossil in a different zone 
would greatly damage the value of his generalisation, and a few such 
cases would demolish it altogether. The genus Arethusima^ for example, 
had long been known as a characteristic trilobite of the lower zones of the 
third or highest fauna of the Bohemian Silurian basin. So abundant is 
one species (A. Kmiind'i) that Barrandc collected more than 6000 
specimens of it, generally in go<Kl preservation. But no trace of it 
had been met with towards the upper limit of the Silurian fauna. 
Kventually, howovei*, a single specimen of a species so nearly identical 
as to be readily pronounced the same Avas disinterred fjom the upper 
Devonian rocks of \Vest])halia — a horizon separated from the upper limit 
of the g(mus in Bohemia by at least half of the vertical height of the 
Upper Silurian and by the whole of the Lower and Middle Devonian 
rock-groups.^ Such an example showed the danger of founding too much 
on negative data. To eHtabli.sh a geological horizon on limited fossil 
evidence, and then to assume the identity of all stratii containing the 
same fossils, is to reason in a oirch*, and to intr<Klnce utter confusion into 
our interpreUtion of the geological record. 'Fhe first and fundanient;d 
point is to determine accurately the superposition of the strata. Until 
this is done, detailed [»aheontological classification may pi’ove to be 
worthless. • 

Urom what has been above advanced, it must be evident that, even if 
the several gri)Ups in a series or system of nK*ks in any disti ict or country 
hav(! been found susceptible of minute subdivision by nuans of their 
characteristic ft)ssil8, and if, after the lapse of many yi'ars, no discovery 
has occurred to alter the esta)»lished order of succession of these fossils, 
nevertheless the subdivisions may only hold good for the region in which 
they have been nnwle. 'Flu'V must not la*. as.sume<l to be strictly applic- 
a))le eveiywhert*. Advancing into amither district or country, Avhere the 
petrographical characters of the same formation or system indicate that 
the original conditions of deposit must have been very different, we ought 
to be prej)ared to find a greater or less departure fronj the first observed, 
or what wt! unconsciously ami not unnaturally come to look upon as the 
normal, onler of organic succession. There can be no doubt that the 
appearance of ucav organic forms in any locality has been in large measure 
connected with such physical changes as are indicated by diversities of 
sedimentary materials and arrangements. The Upper Silnrian stages, for 
example, as studied by Murchis^m in Shropshire and the adjacent counties, 
present a clear sei|uence of strata Avell define<l by characteristic fossils. 
But within a distance of sixty miles, it becomes impossilde to establish all 
these sulxlivisions by similar fossil evidence. Again, in Bohemia and in 
liussia we meet with still greater departures from the order of appear- 
ance in the original Silurian area, some of the most characteristic Upper 
Silurian organisms being there fotind Injneath strata replete with records 
of Lower Silurian life. Nevertheless, the general succession of life from 
^ Barrande, * R^apiMirition du genre Arethnsina,’ Prague, 1868. 
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Lower to Upper Silurian types remains distinctly traceable. Still more 
startling are the anomalies, already referred *to, where the succession of 
terrestrial organisms in distant regions is compared with that of the 
associated marine forms ; as where, in Australia, a flora, with what had 
been regarded as Jurassic affinities, was contemponineous with a CWlx)n- 
iferous fauna. Such facts warn us against the danger of l)cing led astray 
by an artificial precision of palajontological demil. Even where the 
paleontological sequence is best established, it rests, probably in most 
cases, not merely upon the actual chronologicid siicecssion of organic forms, 
but also, far more than is usually imagined, upon original accidental ilif- 
ferences of local physical conditions. As those conditions have constantly 
varied from region to region, it must com|)aratively seldom happen that 
the same minute palaeontological subdivisions, so important and instructive 
in themselves, can bo identified ami jwralleled, except over comparatively 
limited geographical areas. The remaikable “ zones ” of the Lias, for 
instance, in central and western Europe, cojise to be traceable as we 
recede from their original geographical province. 

§ V. Bearingr of Palaeontological data upon Evolution.— Since 
the researches of William Smith at the end of last century, it has been 
well understood that the stratified portion of the earth’s crust conUiins a 
suite of organic remains in which a gradual progre.ssion can be traced, 
from simple forms of invertebrate life among the older rocks to the 
most highly differentiated mammalia of the present time. Until the 
appearance of Darwin’s ‘Origin of Species’ in 1859, the significance of 
this progression, and its connection with the biological rdations of exist- 
ing faunas and floras were only dimly perceived, though j>amarck had 
proposed a theory of development, in support of which appeals had been 
made to the organic succession revealed by the geological record. 
Darwin, arguing that, instcail of being fixed or but slightly alterable 
forms, Bt>ecies might be derived from others, showed that processes were 
at work, whereby it was conceivable that the whole of the existing 
animal and vegetable worlds might hiive descended from, at most, a very 
few original forms. From a large array of facts, drawn from observations 
made u{)oii domestic plants and animals, he inferred that, from time to 
time, slight peculiarities due to differences of climate, A;c., apj)ear in the 
offspring which were not present in the parent, that these peculiarities 
may be transmitted to succeeding generations, especially where from 
their nature they are useful in enabling their possessors to maintain 
themselves in the general struggle for life. Hence varieties, at first 
arising from accidental circumstances, may become permanent, while the 
original form from which they sprang, being less well adapted to hold its 
own, perishes. Varieties become species, and sj^ecific differences pass in 
a similar way into generic. The most successful forms are, by a process 
of “ natural selection,” made to overcome and survive those that are less 
fortunate, the “ survival of the fittest ” being the general law of nature. 
The present varied life of the globe may thus, according to Darwin, be 
explained by the continued accumuladon, perpetuation, and increase of 
differences in the evolution of plants and animals during the whole of 
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geological time. Hence the geological record should contain a more or 
less full chronicle of the progress of this long history of development. 

It is now well known that in the embryonic development of animals, 
there are traces of a progress from lower or more generalised to higher 
or more specialised types. Since Darwin’s great work appeared, 
naturalists have devoted a vast amount of research to this subject, and 
have sought with persevering enthusiasm for any indications of a relation 
between the order of appearance of organic forms in time and in 
embryonic development, and for evidence that species and genera of 
plants and animals have come into existence in the order which, according 
to the theory of evolution, might have been anticipated. 

It must ho conceded that, on the whole, the testimony of the rocks is in favour of 
the doctrine of evolution. That there are difficulties still unexplained, must be frankly 
granted. Darwin strongly insisted, and with obvious justice, on the imperfection of 
the geological record, as one great source of these difficulties. Objections to the 
development theory have Imjcii drawn from the observed order of succession of plants, 
and the sup^Kised absence of transitional forms among them. Ferns, equisetums, 
and lycopods, it is atlirmed, api^ear as far back as the Old Red Sandstone, not in 
simple or more generalised, but in more comjdex atnictures than their living represents* 
tives. The earliest known conifers were well-developed trees, with woody structure 
and fruits as highly differentiated as those of the living types. The oldest dicoty- 
ledons yet found, those of the Cretaceous formations, contain representatives of the 
three great divisions of Apdalce^ Mimapetalm^ and Folypctalce in the same deposit. 
These “are not generalised types, but differentiated forms which, during the interven- 
ing epochs, have not develoi>ed even into higher generic groups." ^ 

Vrofesaor A. Agassiz has drawn attention to the parallelism between embryonic 
development and paleontological history. Taking the sea - urchins as an illustrative 
group, he points out the intt^reating analogies between the immature conditions of 
living forms and the appearance of correspondihg phases dn fossil genera. He admits, 
however, that no early type has yet been discovered w'hence star-fishes, sea-urchins, oi 
ophiuraus might have sprung ; that the several orders of echinoderms appear at the 
same time in the geological record, and that it is impossible to trace anything like a 
sequence of genera or direct filiation in the palaeontological succession of the echinids, 
though he does not at all dispute the validity of the theory which regards the presenl 
echinids as having come down in direct succession from those of older geological times.’ 
In the case of the numerous genera which have continued to exist without interruptiot 
from early geological periods, and have been termed “persistent types," it is impossible 
not to admit that the existing forms are the direct descendants of those of former ages, 
If, then, some genera have unquestionably been continuous, the evolutionist argues, if 
may reasonably be inferred that continuity has been the law, and that even where thi 
successive stejM of the change cannot be traced, every genus of the living world ii 
genetically related to other genera now extinct. 

Professor A. Hyatt, who has closely studied the Cephalopoda, regards them ai 
furnishing clear evidence of evolution. Returning to some ol the ideas of Lamarck oi 
development, he concludes that “ the efibrts of the orthuceratite to adapt itself fully ti 
the requirements of a mixed habitat, gave the world the Nautiloidea ; the efforts of thi 

* W. Carruthers, Oeof. Mag, 1876, p. 362. Further study, however, has shown thi 
existence of early generalised types such as the Cordaitaceae which unite some of th< 
characters of conifers, cycods, and ferns. 

* .4nn. Mag. Nai. HiA. Nov. 1880, “Report on Echinoidea/’ €haUengtr'Bx 

pedit^on, iii. p. 19. The phyllogeny of the Graptolites was treated of by the late Professo 
H. A. Nicholson and J. Harr, Qecl. Mag, 1895, p. 529. 




847 


g V * ' - PiLMONfOLOOY AND EVOLUTION 

same type to become completely a littoral crawler, developed the Anmionoidea. ” Ho 
thinks that, on the whole, the observed sucessioii of the organisms in time coincides 
with what on the theory of evolution it ought to have l)een. “ The straight cones pre- 
dominate in Silurian and earlier periods, while the loosely coiletl are much less numer- 
ous, and the close -coiled and involute, though present, are extremely rare.” He 
believes that traces of this succession may he found in the structure of the sliells them- 
selves. The nautilus, in its embryological development and subsequent growth, {tasses 
through the stages of the nearly or quite straight shell, then ot a slightly curved shell, 
and then of a completely curved shell, the sjural being continued till sometimes the 
inner whorls are entirely envelo{)ed in the outer.* 

Xeumayr, from a prolonged study of Ettrojiean Jurassic and Cretaceous ocphalo- 
pods, concluded that propagation, filiation, and migration are sufficient to explain 
the origin of the whole Jurassic Ammonite and Belemiiite fauna of central Eurofie. 
There is nothing to warrant the supposition of any new creation, but all the known 
facts are in harmony with the theory of descent.”* 

Among the fossil mammalia many indications have been pointed out of an evolution 
of structure. Of these, one of the best known and most striking i.s the genealogy of tlic 
horse, as worked out by Professor 0. C, Marsh.* The original, and as yet undiscovered, 
ance.stor of our modern horse had five toes on each foot. In the oldest known equine 
tyi)e (Eohippus— an animal about the size of a fox, belonging to tlie early part of the 
Eocene i>eriod) there were four well -developed toes, with the rudiment of a lifth, on 
each fore-foot, and three on each hind-foot. In a later jairt of the same geological 
period appeared the Orohippus, a creature of about the same size, but with only four 
toes in front and three behind. Traced upwards into younger divisions of the Tertiary 
series, the size of the animal increases, but the number of digits diminislies, until we 
reach the modern Equus, with its single toe and rudimentary splint-bones. 

Another remarkable example, that of the camels, was cited by Professor E. I). Coikj. 
The succession of genera is seen in the same parts of the skeleton as in the case of the 
horse. The metatarsal and metacur[)al Ixmes are or are not co-ossified into a cannon 
bone ; the first and second sui^rior incisor teeth are ])re.sent, rudimentary or wanting, 

* Saencf^ iii. (1884), pp. 122, 146. For an elaborate preseutalioii of his views see his 
essay on the ‘Genesis of the Arietidw,’ Mein. Mvs. Comp. Zool. J/arran/. xvi. (1889), 
where full references to the literature of the subject tre.ated of by him will be fouiul. Sec 
also A. H. Foord, Gcol. Mag. 1895, p. .391. The evolution of the Bracliiopoda is discussed by 
Miss A. Crane, Oeol, Mag. 1895, pp. 65, 103. 

* Jahrb. Oeol. Beichsanst. xxviii. (1878), p. 78; also Ahhandl. Oeol. Reichsanst. 1873; 
SUxb. K. Akad. ITtw. Wien, Ixxi. (1876), p. 639. Verh. Oeol. Reichsanst. 1880, p. 83 (in 
reply to the anti-Darwinian views of T. Fuchs, op cit. 1879, 1880), and his memoirs already 
cited on pp. 834, 885. W. Branco, Z. D. G. O. xxxii. (1880), p. 596. An example of the 
tracing of pedigree among trilobites was supplied by R. Hoernes, Jahrb. Oeol. Reirhsanst. xxx. 
(1880), p. 651. On the geological history and aflaiintious of the Palaeozoic invertebratea, the 
student should consult Professor Gandry’a ‘ Les Enchainementa du Monde Animal : 
Fossiles Primaires,’ 1888, Coming up into the ranks of the vertebrates he will find the 
bearing of the history of fossil fishes on evolution discussed by Dr. Traquair in his Address 
to the Zoological Section of British Association 1900. 

* Amer. Joum. Sci. 1879, p. 499. Consult also his interesting paper on “Recent 
Polydactyle Horses,*’ op. cit. xlU. (1892), p. 839, and his paper on the “Origin of Mammals," 
Qcoi. Mag. 1899, p. 18. There is a valuable essay by Ifrofessor K. von Zittel on the 
“Geological Development, Descent and Distribution of the Mammalia," Oeoi. Mag. 1898, pp. 
401-412, 455-468, 501-614, translated from SUz. Bayer. Akad., Munich, xxiiL (1898) ; and 
another by Prqfessor Osborn on “The Rise of the Mammalia in North America," Atncr. 
Jowm. ad., Nov., Dec. 1898, Nature, xlix. (1894), p. 286. See also the volume by Dr. 
Scharif, cited anU, p. 841. 
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&nd the premolar number from four to one. Tlie chronological succeMion of genera 
tvoa given by Co|)e as follows : * 

No cannon bone. Cannon bone present. 

Incisor teeth present. Incisors 1 and 2 wanting. 

4 preniolars. 3 premolars. 2 preinolars. I premolar. 


Lower Miocene . . Poebrotheriuiu. 

( Protolabifl. 

Procaiueluh. 

Pliocene and recent i 


Plianchenia. 


Camel us. 


Aucheuia. 


According to this table, the Camelidse have gradually undergone a consolidation of 
the bones of the feet, with a great reduction in the number of the incisor or premolar 
teeth. CojK) indicated an interesting parallel between the paheontological succes- 
sion and the embryonic history of the same parts of the skeleton in the living camel. ^ 
Among the Carnivora, as M. (lamlry has pointed out, it is possible not only to trace the 
ancestry of existing species, but to discover traits of union between genera which at 
present seem far removed.'^ The same distinguished j>alieoutologist has show'ii the 
interesting dental evolution between the teeth of the Middle Miocene Mtisttnimi and 
those of the |K)st* Pliocene Mammoth, and again l>etween those of the Lower Oligocene 
Amphicym and those of the Quaternary cave-bear.'* 

It is not necessary here to enter more fully into the biological aspect 
of this wide subject. While the doctrine Of evolution has now obtained 
the assent of the great majority of naturalists all over the globe, even 
the most strenuous upholder of the doctrine must admit that it is 
attended with palieontologicivl ditficulties which no skill or research 
has yet been able to remove. The problem of derivation remains 
in8<jluble, nor perhajia may we hope for any solution beyond one within 
the most indefinite limits of correctness.^ But to the palseontologist, it 
is a matter of the utmost imporUince to feel assured that, though he may 
never be able to trace the missing links in the chain of being, the chain 
has been unbroken and persistent from the beginning of geological time. 

It was remarked above (p. 839) that, while the general march of life 
has been broadly alike all over the world, progress has been more rapid 
in some regions, and likewise in some grades of organic being, than in 
others. The evolution of terrestrial plants and animals appears to have 
been much less uniform than that of marine life, at least than that of the 
marine mollusca. It has been suggested that the climatic changes, 
which have had so dominant an influence in evolution, would affect land- 
plants before they influenced marine animals. Certainly a number of 
instances are known where an older type of marine fauna is associated 


* American Naturaliat, 1880, p. 172. M. Gaudry traces an analogous process in tbe 
foot-bones of the ruminants of Tertiary time, 'Les Euchamemonts du Monde Animal,' i. 

p. 121. 

* Op.fiit. p. 210. 

3 ‘ Easai de Pal4ontologie Philosophiqne,’ p. 188, ei eeq. Compare al^oUiis paper on the 
dentition of man and certain animals, Anthropologie, xii. (1901), pp. 1 and 613. 

* A. Agassiz, Ann. Mag. NcU. HieL 1880, p. 872. 
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with a younger type of terrestrial flora. Besides those already cited 
(p. 839), reference may be made to the flora ^f Fiinfkirchen in Hungary, 
which, though Triassic in type, occurs in strata which have been class^ 
with the Palaeozoic Zechatein ; and to the Upper Cretaceous flora of Aix* 
la'C^hapelle, which, with its numerous dicotyledons, has a much more 
modern aspect than the contemporaneous fauna. In the Western 
Territories of North America, much controversy at one time arose as to 
the position of the •* Laramie series,” its rich terrestrial flora having an 
undoubted Tertiary facies, while its fauna is Cretaceous. According to Th. 
Fuchs, the most important turning-|)oint in the history of the plant-world 
is to be found not, as in the case of the terrestrial fauna, between the 
Sarmatian stage and the Conf}eriarhe,i\% but on an older horizon, namely 
between the first and second Mediterranean stage.^ Nor is this inter- 
calation of types characteristic of other jicriods entirely confined to the 
vegetable world. Examples may be found of survivals of types of 
terrestrial animals when the contemporaneous marine fauna hiis become 
distinctly more modern. The present mammals of Australia and New 
Cuinea are more allied to forms that lived in Mesozoic time than to those 
now living in other countries. The remarkable mammalian fauna of 
Pikerrni, with Miocene affinities, has been found to lie tipon strata con- 
taining Pliocene marine shells. 

From what has now been stilted, it will be understocxl that the exist- 
ence of any living species or genus of plant or animal, within a certain 
geographical areii, is a f/ict which cannot Ije explained except by refer- 
ence to the geological history of that species or genus. The existing 
forms of life are the outcome of tin; evolution which has been in progress 
during the whole of geological time. From this |X)int of view, the 
investigations of palaeontological geology aie invested with the pro- 
foundest interest, for they bring before us the history of that living 
creation of which we form a part. 

§ vl. The Collecting of Fossils. — Some practical suggestions regard- 
ing the search for fossils may be of service to the student. Any sediment- 
ary rock may po.ssibly enclose the remains of plants or animals. All 
such rocks should therefore bo searched for fossils. A little practice will 
teach the learner that some kinds of sediraenUiry rocks are much more 
likely than othere to yield organic remains. Limestones, calcareous 
shales, and clays are often fossiliferous ; coiirse sandstones and con- 
glomerates are seldom so. Yet it will not infrequently be found that 
rocks which might l)e exfMJCted to contaiti fossils are barren, while even 
coarse conglomerates may, in rare cases, yield the teeth and l>one8 
of vertebrates or other durable relics of once living things. The peculi- 
arities of the rocks of each district must, in this respect, be discovered by 
actual careful scrutiny. 

As organic remains usually differ more or less, both in chemical composition and in 
minute texture, from the matrix in which they ere imbedded, they weather differ- 
ently from the surrounding rock. In some instances, where they ere more durable, 
they project ifi relief from a weathered surrece ; in others they decay, and leave, ea 

* E. Weiss, NeutsJahtb. 1878, p. 180 ; also Z. D. O. U. xxix. p. 252. 
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cavities, the moulds iu which they have lain. One of the first requisites, therefore, 
in the examination of any rock fof fossils is a careful search of its weathered parts.' In 
the great majority of cases, its fossiliferous or non-fossiliferous character may thereby 
be ascertained. 

When indications of fossils have been obtained, the particular lithological characters 
of the part of the rock in which tliey occur should be noted. It will often be found 
that the fossils arc either confined to, or are more abundant and better preserved in, 
certain zones. These zones should be explored before the rest of the rock is examined 
in detail. Where fossils decay on ex}>ostire, the rock containing them must be broken 
open HO as to reach its fresher portions. Where the rock is not disintegrated in 
wioathering, it must likewise be split up in the usual way. But where it crumbles under 
the influence of the weather, and allows its fossils to become detached from their matrix, 
its debris should he examined. Shales and clays are particularly liable to this kind 
of disintegration, and are consequently deserving of tlio fossil - collector’s closest 
attention, since from their decaying surfaces he may often gather the organisms of past 
times, as easily as he can pick up shells on the present sea-shore. 

But the task of the collector does not end when he has broken open several tons, 
perhaps, of fresh rock, and has searched among the weathered di^bris until he (an no 
longer meet with any forms he has not already found. In recent years, methorls have 
been devised for enabling him to extract the minuter organisms from rocks. Some of 
these methods are described in the following pages. They show that a deposit, other- 
wise supposed to be unfossiliferous, may be rich in forarainifera, entomostraca, &c., so 
that, besides the abundant fossils readily detected by the naked eye in a rock, there 
may be added a not less abundant and varied collection of microzoa.^ 

As each variety of rock has its own peculiarities of structure, which may vary from 
district to district, the appliances of the fossil collector must likewise be varied to suit 
local requirements. The following list comprises his most generally useful accoutre- 
ments ; but his own judgment will enable him to modify or supploUKUit them according 
to his needs 

List of Appliance useful in Fossil-collectimj, 

1. Several hammera, varying in size acconling to the naturcj of the rocks to be 

examined. Where these are tough and hard, a liainmer weighing 2 lbs. may 
be needed. A small trimming hammer (6 oz.) for reducing the size of siiecimens 
is essential. 

2. Several chisels of ditferent sizes and shapes. 

3. A small pick weighing 1 lb., useful for loosening blocks of rocks from their bed. 

4. A small trowel, used for scooping up weathered debris of shale, &c. 

fi. A ganlener’s spade with circular cutting edge ; of use in lifting slabs of shale. 

6. Pair of strong pincers, like those used for cutting wire, for reducing specimens 

which might go to pieces under a blow of a hammer. 

7. A collecting-bag (canvas or leather). 

8. A supply of nests of pill-boxes for more delicate s^tecimens. 

9. Brown and softer grey wrapping paper (old newspapers are serviceable). 

10. Gummed labels, numbered to correspond with those in the collecting-book. 

11. Note-book or collecting-book, in which, where practicable, each specimen is 

entered under its number, with all particulars of its exact locality, geological 
horizon, Ac. 

12. Fiab-glue, a thin solution of which is useful to preserve specimens that may be 

liable to crack into pieces. 

^ The following descriptions of methods of searching for fossil microzoa have been drawn 
up from notes for which I was indebted to the late Mr. James Bennie, fossil Collector 
of the Geological Survey of Scotland, who was singularly successful in increasing our 
knowledge of the minuter forms of animal life in the Carboniferous system. 
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To the<6 siniplo appliances others of a utore recunditc nature have been added by 
various pabeontologiaU. Thna M. Lemoiiie has employed the Rontj^ii rays as a nieaiia 
of diHcovenag the existence of bones or other organising in the heart of an unbroken 
block of stone. ' Mr. Beruanl has recommended the adoption of the artilicial sand blast 
as an effective method of developing trilobite.s from amidst the matrix in which they 
are iinbeiidod.^ Obviously the ingenuity of the collector will 8ugge.st the best means of 
obtaining the results he desires. 

Weathered Shales. - The heaps of shale thrown out in tjuurryiug op<'ralious, 
afford excellent ground for fo-ssi I- hunting. It la best to begin at the bottom of a heap, 
and to creep slowly along the same level for a dozen yaiils oi so, wJiere tlie ground to 
be examineil is extensive ; thou to return along a band slightly liigher, and so on 
backward and forward until the top is reached, which may he searched in hruadths of 
a yard at a time. In this way, the more prominent fossils may 1 k‘ ohtuined. Large and 
thin fossils, such as shells of Mmiioltt, which break into fragments in 

weathering, must be sought for m the Icss deeayed paits of the shale. Wlien found, 
the matrix around them should be i educed to the <lesired size by means of ]>ineeis. 
They should then he wrapped up in a iuix, or, at least, seeured against injury in the 
homowani transjxnt, .iiul as soon as jKissible thereafter should bo dipjK'd in a thin 
solution of fish-glue and allowed to dry slowly in the air. As a rule, parliculaily where 
the structure of a fassil is wcll-presei ved, it is desiiable to retain also the surface of 
rock containing its impression, which not infrequently airoid.s evidence of structure 
that may lie levs distinctly pre.served on the counterpart, oi side to which the main 
jwirtfoii of the fossil has adhered. 

Some fossils of great delicacy, .sucli as fionds of Fettcutt'Ua, w hich go to pieces as the 
rock weathers, may be extracted by an ingenious process devised by the late Mr. John 
Young, Curator of the Hunterian Museum, (llasgow riiiveraity. If the shale on which 
such organisms lie is liable to go to pieces, it may 1 h> sufficiently .secured fur traiiK)K)rt 
by being coated with a thin solution of gum, vvhu li is allowed to <lry before the Hpcciineu 
is jiacked up. If the actually exjiosed face of the Ftneste/lu in intended to be exhibited, 
it may be cleaned from the gum or from any adherent .shale by being rubbc»i quickly 
with a wet nail-brush and wiped witii a clean dump s{>oiige, care being taken that the 
gum holding down the lower surface of the fo.ssil is not .softeneil, and that the shale does 
not get too wet. If, on the other hand, it is desiiahie to expose the face of the frond 
that adheres to the shale, this may be effected as follows. All trace t)f any gum that 
may have been uscsl should be carefully removed. The si>cciitieii is then warmetl liefore 
a tire, and a thin layer of asphalt is melted over it by means of a hot iron rod. If the 
frond to be lifted is large, a thick strong cake .should he formed upon the sjH*cimeii by 
using alternate layers of strong brown pajier and asphalt, the ]*aper always forming the 
outer surface of the cake. When the culo sion hot ween the asphalt and the speciiiieii is 
firm, the whole is then placed in water, when the shale generally eruinhlcs down and 
can Iks removed, leaving the FtncsUlla a<lhering to the asphalt. In thi.s way, the 
poriferous surface, which, for the most {sart, clings to the shale when the rock is broken 
0 |>en, is laid bare. By gently brushing the &]ieeinien with water, its minute structure 
may lie revealed, the delicate network lying on the asphalt like a piece of lace upon a 
ground of black velvet. The cake of asphalt may then be Mha{)ed and mounted on a 
wooden tablet.^ 

But in most cases there are various minuter forni.<i which escafic notice, and which 
must be searched for in another way. To secure these, a little shale should bo lifted 
with a trowel from the most w’eathcred jiarts where fossils are visible, the trowel being 
gently pushed along so as to remove only the supeificial layer, where the fossils are 
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ti. F. xxiv. (1896), p. 660. * Mwj. 1894, p. 663. 

Mr. Young kindly revised for me this account of his asphalt-process. 




852 


PALASONTOLOOICAL GEOLOGY ^ 


BOOK ▼ 


iieceBsarily more abundant from the disintegration and removal of the shale by rain, sun, 
and wind. If wet, the shale thul collected should l)e thoroughly dried in an oven or 
before a fire. Thereafter, it is to be well soaked in water till it crumbles down ; after 
gentle agitation, the muddy water should be {)oured off, the heavier particles being 
allowed to settle to the bottom.' This process should be re|)eated till the sediment is 
so freed from clayey particles that it can bo [>assed through sieves of different degrees 
of fineness. The several assortments thus obtained should then he boiled separately in 
a rather broad*bottomed goblet over a brisk fire for about half an liour, the boiling being 
continued with a change of water till little or no mud appears. The coarser parcels may 
thou he dried and spread out on a school-slate, when, with lens, and a cancel -hair brush 
wetted at the point, the fossils may be easily picked out ami dropped into a pill-box for 
further examination. The finer kinds may be separated into lighter and heavier portions 
by putting, say, a handful of the thoroughly dried sediment into a howl, and turning a 
gentle stjfeam of water upon it, when the lighter grains lloat and may be decanted into 
another vessel. These floated parts include the smaller kinds of foraniinifera and ento- 
inostraca, the plates, anchors, crosses, and other spicules of holothuriaiis and sponges, 
fragments of polyzoa, shells, Ac. The eftect of boiling is to h>osen these organisms from 
the matrix and to clean them more iwrfec^ly than can be dom* in any other way ; the 
minuter forms float oflj os dust. By tlds method of detection and selection, fossils 
which occur only in the proportion of oni in a thousand of the particles may be easily 
secured. 

Un weathered Shales.— It often hapisins that along clitf-seetions, on the banks 
or beds of rivers or on the sea-shore, fossiliferous shales occur from which tlic weathered 
portions are continually washed or blown away, so tlnit no opportunity occurs of 
adequately collecting the fossils from the ex[M)sed debris of the rocks. In sucIj cases 
the solid, unweathered shale mu.st he taken ami treated sonicwliat difl'crently. All 
layers of shale will not he found to ho ejpially rich in inicro/j)a, and it isdesirahie to try 
those first wltich seem most likely to yield satisfactory results -such, for instance, as 
those which are otherwise most fossiliferous. Where shale oceurs in associatioJi with 
limestone, the portions just bonqkth or above the limestone should first \m searclieil. 
Tlie parts .selected should be dried as thoroughly a.s possible in an oven or befon* a lire, 
ami should then bo put into water, and left there until they fall to pieces. The ddbris 
thus obtained is to ho put into a rather wide-meshed sieve, and the coarser materials 
left behind may be again dried and steeped, this process being repeated two or three 
times, or until the fragments undergo no further subdivision. When thus reduced as 
much as possible, the debris should be boilc«l as above described. Some shales are com- 
pletely disintegrated at once by boiling ; others only after prolonged boiling, while .some, 
though subdivided into small fragincnt.s, will not “ <lis.solve,” that is, w ill not break uj> 
into such line particles as to remain in mc'dianical suspension in the water. Such 
obdurate varieties must be examined in bulk. In the Carboniferous system, the shales 
that boil down i:ompletely are those in which their com iwnent argillaceous particles have 
been compacted merely by pressure, or with such light cementation as could be de- 
stroyed by boiling. They are usually grey Iwds, such as so often accompany limestones. 
The black shales, on the other hand, containing a considerable proportion of bituminous 
uoment, will not thoroughly break up even after prolonge<i boiling. 

The drying ami steeping liore (le.scribeHi may be regarded as processes of rapid artificial 
weathering. The effects of the lieat of a fire u|K)u shale resemble those of the sun’s rays, 
and the soaking in water is a eounteri>art of the action of rain. It is surprising how 
c^isily hal'd, compact shale, which can with difficulty be broken or split with a hammer, 
may, by the method above specified, be reduced to dust or to fine granular d^ibris, from 
which even delicate shells may easily be picked out entire. One may thus experiment- 
ally learn how important a part in tlie disintegration of rocks must be taken by the 
alternate desiccation and saturation of their surfaces by sunshine and shower. 

Limestone and Ironstone. — Among fossi’"* limestones, remarkable differ- 
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onces arc observable in the lithological condition of the enclosed fossils, and in the ease 
^ith which they can be recognised and extracted. It is only by diligent practice that 
fhese peculiarities can bo so mastered as to enable the observer to make an exhaustive 
collection from the rocks whicli he explores. In some limestones, the organic remains 
are sjaHjially abundant in jmrticular layers or jKX'kets. Fragments of these ]>arts of the 
rock may be taken home, and their fossils may l»e extracted by fixing the block on a 
piece of lead 1 inch thick and about 6 inches square, and cutting out the desired sj»eci- 
mens with hammer and chisel. Rntomostraca, and other small organisms in which the 
valves are united, may also be obtained in a perfect condition from this class of rocks, by 
jwunding fragments of the fossiliferous material with a hammer within the circle of a 
small iron ring or “ washer," one-eighth of an inch in thickness. As the ro('k is crushed 
by the blows of the hammer the organisms jump out of the matrix, but are retained within 
the bounds of the ring, which also answei-s as a gauge, preventing the' material from 
being broken too small. The ]>ounded rock is aft«*rwards washetl free from ilust, ilried 
and searched as above directeil. Many limestones reveal their fossils best on weathered 
surfaces. In such cases, it not infrequently happens that the upi»cr ])art of the rock 
immediately below the soil or subsoil yields a richer harvest of good 8]>ecimen8 than 
could be obtained by breaking o|K*n the fresh stone. Some of the rotten debris from the 
surface and fissures of the limestone slumld bo carried home, washed and boiled, os in the 
treatment of shale. The minuter organisms may thus bo recovered, and as these, when 
found in limestone, often ilill'er in kind fnim those ]*reserved in shale, no opportunity 
should be lost of searching for them. Soft, pulverulent limestones, such as chalk, shonbl 
be gently levigated, the chalky water being poured off and fresh water Wing added, until 
a granular resi»lue of foraminifera, ostracods, shell fragments, Ac., is obtained. Nodules 
of lime.stone or ironstone often enclose fossils, but it is not always <?asy to 8]»lit them 
open in .such a way as to lay bare their organic nucleus. This, however, may fretjuenily 
be effected by putting the nodule into a fire, and dropping it, when quite hot, into cold 
water. 

Clays. — These may be aucceasfully treated for microzoa in the manner above de- 
scribed for shales.* Tliough they often contain much interstitial moisture they are not 
readily levigated in water until after they have Wen thoroughly dried in an oven, before 
a fire, or in the sun. When so treated they are easily reduced to line mud, which may 
be removed in suspension until a granular ie.sidue is left, wliich may be Bcarched for 
fossils. But os many of the minuter organisms float when loosem^l fioin the matrix, the 
muddy water should be passed through a brass-wire sieve as line as muHlin. If the 
meshes become clogged, so that the water will not flow rea<lily through them, a lew 
smart taps on the side of the sieve will clear them. Should some portions of tl»e clay 
refuse to pass into muddy 8us|)ension, even after rejiealed trials, they wdll probably bo 
levigated by boiling, as for shale. Treated u.s here recommended, many glacial clays, 
which, to the eye, appear hojwlessly un fossiliferous, may thus be raa<lo to yield an 
interesting group of Foraminifera^ Entomostraca, kc.'^ 

Peat. — Much interesting information as to the clirnatal changes of former priods 
may be gleaned in temprate latitudes from, a study of the organic remains preserved in 
peat-mosses. Below the pat there may lie layers of clay or marl preserving the remains 
of plants and animals, belonging possibly to an arctic climate. In such psitions at 
various places in Central Scotland, thousands of fragments of the little Greenland crust- 

* On the biological investigation of clays 8«ie H. Mnnlbe, Gcof. Foren. SUtckholm^ xvi. 
(1894), p. 17. 

By the methods here recommended large additions have l>een made to our knowledge of 
the microzoa of the pa.st. (See, for example, Mr. H. B. Brady's researches on the Carboni- 
ferous Foraminifera, and Professor T. il. Jones's and Mr. Kirkby’s monograph on (Jarboni- 
feroua Entomostraca.) The existence of Holothuridce in the Carboniferous sea was dis- 
covered entirely In this manner by the late James Bennie. 
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acean Lepuiurus or Apus, to;;ethcr with leaves of arctic willow and birch, have been 
obtained. The bottom layers of the |>eat may also furnish northern stiecies of plants. 
The upper spon^;y and fibrotjs jiart is of comparatively little interest, as it is made up of 
the common marsh jdants still living? in the surrounding country.* 


' On the stiuly of peat deposits see Ueid iii fiumninry of Progress of Oeological Svrreg 
for isyj', p. 1.'6. For inclhodH of investigating the pl.ants that form tlie substance of i»eat, 
see Gunnar Aiidei sson, iu-nt. Forni. Shtek/tnlot, \i\\ (1892), pp. 16.“* ami ,'*06 : consult also the 
saim* author's papers on the preservation of Quaternary sijecimens of jdaiits, Op. cit. xviii. 
p. 492, and his essay on the botanical examination of peat in Srenska Mosskutturfdres Tidsk. 
1893. A. (I. Kidlgren has desiiibed a new form cf peat-liorer, Oeol. Forea. Stoeklodm^ xvi. 
(1894), p. 372. 
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This branch of the science arninges the rocks of the earth’s cnist in the 
order of their appearance, and interprets the sequence of events of 
which they form the records. Its province is to cull from other depart- 
ments of geology the facts which may be needtHl to show what has been 
the progress of the phnet, and of each continent and country on its 
surface, from the tiarliest times of which the rocks Imve preserved any 
memorial. Thus, from Mineralogy and Petrography, it obtains informa- 
tion regarding the origin and subsequent mutations of minerals and rocks. 
From Dynamical Geology, it ascertains by what agencies the materials 
of the earth’s crust have been formed, altered, broken or upheaved. 
From Geotectonic Geology, it understands in what manner these materials 
have been built up intcj the complicated crust of the earth. From 
Palaeontological Geology, it receives, iti well-determined fossil remains, 
a clue by which to follow the relative chronology of stratified forma- 
tions, and to trace the grand onward march of organised existence 
upon the planet. Stratigraphical geology thus gathers up the sum of 
all that is ascertained by other deimrtmcnts of the science, and makes it 
subservient to the interpretation of the past geological history of the earth. 

The leading principles of stratigraphy have been indicated in the 
preceding pages, but may be summed up here as follows : — 

1. In every stratigraphical research, the fundamental requisite is to 
establish the true or original order of superposition of the strata. Until 
this is accomplished by careful study of the actual relations of the rocks 
in the field, it is impossible to anange relative dates and make out the 
sequence of geologiad history. 

2. The stratified portion of the earth’s crust, or Geological Record, 
may be subdivided into natural groups or “ formations ” of strata, each 
marked throughout by some common facies of organic remains, that is 
by the occurrence of some characteristic genera or species or a general 
resemblance in their palaeontological type or character,^ or, for limited 
tracts of Country, by some common lithological features. 

^ The etndent may consult an interesting paper by Professor E. Renevier {Arth. IkL 

m 
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3. Living species of plants and animals can be traced downward into 
the more recent geological formations; but grow fewer in number as 
they are followed into more ancient deposits. With their disappearance, 
we encounter other species and genera which are no longer living. 
These in turn may be traced backward into earlier formations, till they 
too cease, and their places are taken by yet older forms. It is thus 
shown that the stratified rocks contain the recoixls of a gradual progres- 
sion of organic types. A species which has once died out does not seem 
ever to have reappeared. 

4. When the order of succession of organic remains among the 
stratified rocks of a district or country has once been accurately determined 
on the basis of the true stratigraphical order, it becomes an invaluable 
guide in the investigation of the relative age and structural arrangements 
of these rocks, even in regions beyorid that in which the organic succession 
has been first made out. Each zone or group of strata, being characterised 
by its own species or genera, may be recognised by their means, and the 
true succession of strata may thus be confidently established even in an 
area such as that of the Alps, wherein the rocks have been greatly 
fractured, folded, inverted, or metamorphosed. 

f). This succession of organic remains is never inverted in any region. 
It may not be all represented in a particular country, but those parts which 
are represented always come in their proper order, save where they may 
have been subsequently disturbed by terrestrial movements. 

6. The relative chronologiciil value of the divi.sions of the Geological 
Record is not to bo measured by mere depth of strata. While a great 
thickness of sti'atified rock may be reasonably a8.suTncd to mark the 
passage of a long period of time, it ainnot safely bo affirmed that a much 
less thickfiess elsewhere represents a correspondingly diminished period. 
The truth of this stvtcmcnt may sometimes be made cvid(;nt by an uncon- 
formability between two sets of rock.s, as has already been explained. 
The total depth of both groups together may be, say, 1000 feet. Else- 
where we may find a single unbroken formation reaching a depth of 
10,000 feet ; but it would be utterly erroneous to conclude that the 
latter must represent ten times the duration imliciited by the two former. 
So far from this being the case, it might not be difficult to show that the 
minor thickness of rock really denotes by far the longer geological interval. 
If, for instance, it wore proved that both the sections lie on one and 
the same geological platform, but that the lower series in the one locality 
1 >elong3 to a far older system of rocks than the base of the thick con- 
formable series in the other, and that the upper unconformable series at 
the first place is of much later date than the upper portion of the thick 
series at the second, then it would be clear that the gap marked by the 
two thinner groups reiilly indicates a longer period than the massive 
succession of deposits. 

7. Fossil evidence furnishes the chief means of comparing the rela- 

Pkys, Xnt, Cteueva, 1884, \ii. p, 297) on “Geological Facies.” The total nic&ii depth of the 
fossiliferons formations or “Geological Record” in Europe has been set down at 7.'>,000 
feet, or upwards of 14 miles. 
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tive chronological value of groups of rock. A “ break in the succession of 
organic remains ” marks an interval of time oiten unrepresented by strata 
at the place where the break is found. ^ The relative importance of these 
breaks, and therefore, probably, the comparative intervals of time which 
they denote, may be estimated by the diflerence in the facies of the fossils 
on each side. If, for example, in one case we find every species to In*, 
dissimilar above and below a certain horizon, while in another locality 
only lialf of the species on each side of a band are peculiar, we natur- 
ally infer, if the total number of species seems large enough to 
warrant the inference, that the interval marked by the former break 
was longer than that marked by the latter. But we may go further, 
and compare by means of fossil evidence the relation between breaks 
in the succession of organic remains and the depth of stratsi between 
them. 

Three series of fossiliterous strata, A, C, and H, may occur conform- 
ably above each other. By a comparison of the fossil contents of all 
parts of A, it may l>e ascertained that, while some species are peculiar to 
its lower, others to its higher portions, yet the majority extend throughout 
the group. If now it is found that, of the totol number of species in 
the upper portion of A, only one- third passes up into C, it may bo 
inferred with some probability th.u the time represented by the break 
between A and C was really longer than that required for the accumii- 
lation of the whole of the group A. It might even be possible to dis- 
cover elsewhere a thick intermediate group B, filling up the gap between 
A and In like manner, were it to be discovered that, while the whole 
of the group C is characterised by a common suite of fossils, not one of 
the species and only one half of the genera psiss uj) into H, the infer- 
ence could hardly l)c resisted that the g.ap between the two groups marks 
the passage of a far longer interval thaii was needed for the defK>sition of 
the whol(5 of Vj. And thus we roach the remarkable conclusion that, 
thick though the stratified formations of a country may be, in some 
cases they may not represent so long a total pei'iod of time as do the 
gaps in their succession, — in other words, that non-deposition has been 
in sonn; areas more frequent and j)rolongcd than depositiorj, or that the 
intervals of time which have been recorded by strata have sometimes not 
been .so long as those which have not been so recorded. 

In all speculations of this nature, however, it is necessary to reason 
from as wide a basis of observation as possible, .seeing that so much of 
the evidence is negative. Especially needful is it to bear in mind that 
the cessation of one or more species, at a certain line among the rocks of a 
particular district, may mean nothing more than that, owing to some local 
change in the conditions of life or of depasition, these species were com- 
pelled to migrate, or became hxydly extinct, at the time marked by that 
line. They may have continued to flourish abundantly in neighlwuring 
districts for a long period afterward. Many examples of this obvious 
truth might be cited. Thus, in a great succession of mingled marine, 
brackish-water, and terrestrial strata, like that of the Carboniferous Lime- 

^ See anU^ p. 842, ami the cla-soic essays of the late .Sir A. C. Ramsay there cited. 
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Stone series of Scotland, corals, cnnoids, and brachiopods abound in the 
limestones ami accom|>anying shales, but grow fewer or disappear in the 
sandstones, ironstones, clays, and bituminous shales. An observer, meet- 
ing for the first time with an instance of this disappearance, and remem- 
bering what he had read about “ breaks in succession,” might be tempted 
to 8i)cculato about the extinction of these organisms, and their replace- 
ment by other and later forms of life, in the overlying strata. But 
further research would show him that, high above the plant-bearing 
sandstones and coals, lie other limestones and shales charged with 
the same marine fossils as before, and followed by still further groups of 
sandstones, coals, and carbonaceous beds and yet higher marine limestones. 
He would thus learn that the same organisms, after being locally exter- 
minated, returned again and again to the same area when the conditions 
favourable for their migration reappeared and enabled them to reoccupy 
their former haunts. Such a lesson would probably teach him how largely 
the fauna entoml>ed and preserved on any particular geological horizon 
hiis been influenced by the conditions of sedimentation, and that he should 
jMVUsc before too confidently asserting that the highest be<l in which 
certain fossils can bo detected, marks really their final appearance in the 
history of life. An interruption in the succession of fossils may be 
merely temporary or local, one sot of organisms having been driven to 
a different part of the same region, while another set occupied their place 
until the first was enabled to return. 

The remarkable limitation of certain species to a restricted vertical 
range in a continuous series of stratified deposits, as in the case of the 
Silurian graptolites and the Jurassic ammonites already cited, affords a 
valuable basis for stratigraphical arrangement and comparison. The 
succession of these species has been in some cases similar over such wide 
goographicivl iireas that it is difficult to connect this organic sequence 
with any physical revolutions, of which indeed in a conformable series of 
sediments there may bo little or no trace. As already suggested there 
may have been some biological law that governed the.se apparently 
rapid extinctions or replacements of organic forms, but which is not yet 
perceived or understood. 

8. The Geological Kecord is at the best but an imperfect chronicle of 
the geological history of the earth. It abounds in gaps, some of which 
have been ciiused by the destruction of strata owing to metamorphism, 
denudation, or otherwise, some by original non - deposition, as above 
explained. Nevertheless it is from this record that the progress of the 
earth is chiefly traced. It contains the registers of the birth.s and deaths 
of tribes of plants and animals, which have from time to time lived on 
the earth. Probably only an extremely small proportion of the total 
number of species, which have appear^ in past time, has been thus 
chronicled, yet, by collecting the broken fnigments of the record, an out- 
line at least of the history of life upon the earth can be deciphered. 

It cannot be too frequently stated, nor too prominently kept in view, 
that, although gaps occur in the succession of organic remains as 
recorded in the rocks, there have been no such blank intervals in the 
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progress of plant and animal life upon the globe. The march of life 
bas been unbroken, onward and upwaixl. ftcological history, therefore, 
if its records in the stratified formations were perfect, o\ight to show a 
blending and gradation of epoch with epoch, so that no sharp divisions 
■)f its events could be made. But the record of the history has In'cn 
constantly interrupted : now by upheaval, now by volcanic outbursts, 
now by depression, now by protmeted and extensive detnidation. 
These interruptions serve as natural divisions in the chrofiicle, and 
enable the geologist to arrange his history into periods. As the onlcr 
of succession among stratified rocks was first made out in Knropc*, and 
as many of the gaps in that succession were found to be widespreH<l over 
tlie European area, the divisions which experience cstablislicd for that 
portion of the globe came to be reganled as typical, and the names 
adopted for them were applied to the rocks of <»ther and far distant 
regions. This applic-ation has brought out the fact that some of the 
most marked geological breaks in Europe do not exist elsewh(‘re, and, on 
the other hand, that some portions of the record are much more com- 
plete there than in other regions. Hence, while the general similarity 
of succession may remain, different subdivisions and nomenclature are 
re(piired as we pass from continent to continent. 

ft will thus Ixi luulcrstood why considerable diversity of opinion has 
existed and still continues as to the terms to be applied to the strati- 
graphical series iti the earth’s cru.st and as to the e([uivalcnce of the 
subdivisions of this series in different parts of the world. Eftorts have 
from time to time been made with more or le.s8 success to d(n'i8C some 
commonly applicable and generally acceptable system of classification and 
nomenclature. Allowance must be made for the peculiarities and usages 
of ditfennit languages, a term not having always the wmie meaning in 
different countries. But it is certainly desirable that, as far as jK)ssiblft, 
not only stratigraphical l)ut all other term.s generally iiseil in sci(*ntific 
writings should everywhere be employed in precisely the same .simse, and 
that a unification of nomenclature should be adopted.' 

* The International (ieoloKical Congicss ha\ >ince 18.S1, lal»ourinl stn-iinonsly to effect 
.“onie reform in this niattor, but only with j)artial Micecss,. The .scheme a«lo|ite<l at the last 
meeting (Paris, 1900) comprise'! thi- following stratigraphical fculslivisioiis, 1st Order: 
Eras of time, represented by (iroups of strata, Puheozoic, Mesoroic, (Jainozoir. 2nd Order : 
Periods of time, represented by Systems of strata, as in the four great Paheozoic systeins. 
3rd Order : Ejiochs of time, representtsl by Series of strata. 4th Order: Ages (»f time, re- 
presented by (Stages of stnit-a. fith Order : Phas*>» of time, represented by Zones of strata. 
Various mollifications are likewise made in the customary tenninations iu order to conform 
with this scheme. Thus the divisions of the second order are all made tf» terminate in u/nf,. 
The familiar Cambrian, Silurian, and Devonian tiecome Cambrnpie, Siliirique, and Devoiiique, 
or Cambric, Siluric, Devonic, as they would lie written in English. The divisions of the fourth 
order are meant all to end in m {nn in English), as Bartonian, Portlandian, Acc. It is obvious, 
however, that difTerences of opinion must arise as to the division into which a particular section 
of strata should be classed, whether, for instance, if should go into the third order or the 
second order. * Whether such an artificial precision of terminology is desirable may Im* open to 
quasliiou, and it may be doubted whether the recommendation^ of any congress, international 
or other, will be powerful enongli to alter the established «sage»> «f a language. The chrono- 



The eraallest subdivisions of the Geological Kecord are laminae, a 
number of which may mafte a stratum, seam, or bed. As a rule a 
stratum is distinguishable by lithological rather than palaeontological 
features. Where one, or a limited number of beds, is characterised by 
one or more distinctive fossils, it is termed a Zone or Horizon, and, 
as already mentioned, is often known by the name of a typical fossil, as 
the different zones in the Cretaceous system are by their special species of 
cephalopoda, brachiopods, or echinids, those in the Lias by their ammonites, 
and those in the Silurian system by their graptolites.^ Two or more such 
zones, united by the occurrence in them of a number of the same char- 
acteristic species or genera, may be called Beds or an Assise, as in the 
“ Micraster beds or assise ” of the Cretaceous system, which include the 
zones of M. rortedndinanum and M. atr-anguinum. Two or more sets of 
such connected beds or assises may bo termed a Group or Stage {dage). 
In some cases, where the number of assises in a stfige is large, they are 
grouped into sub-stages {smis^dages) or sub-groups. Each sub-stage or 
sub-group will then consist of several assises, and the .stage or group of 
several sub-stages or sub-groups. A number of groups or stages constitute 
a Seriesi, Section {Ahthnlung\ or Formation, and a number of series, 
section-s, or formations may be united into a System.*^ 

The nomenclature adopted for these subdivisions bears witness to 
the rapid growth of ge(jlogy. It is a patchw'ork in which no uniform 
system or language has been adhered to, but whore the influences by 
which the progi'ess of tins science has been moulded may b(‘ distinctly 
traced. Some of the earliest names are lithological, and remind us of 
the fact that mineralogy and ptitrography preceded geology in the order 

logical tcnii.s Kra, Perml, Epoch and Age have been liabitually used by English writers as 
almost eqiu valent, or lit least interchnngeable, while the term Group has been so nniversally 
employed in our literature for a division subordinate in value to Series aiul Sijsfevi that the 
attempt to alter its signiticance wouhl introduce far more confusion than can possibly arise 
from its retention in the accustomed sense. 

The student who may wish to juirsue this subject may consult the various Compt. rend. 
Ccuujris. iikil. Inttfniat. since 1881 ; and the following papers; Professors Meunier Chalnias 
and I>e lja])parent, “ Note sur la Nomenclature des Terrains SMiment;iire.s,” Ji. S. 0. F. xxi. 
(1898), p. 488 ; “A Sympo.sium on the Clasaittcation and Nomenclature of Geologic Time- 
divisions,” by J. Le Conte, G. K. Gilbert, W. B. Cimrk, S. W. Williston, Baily Willis, C. R. 
Keyes andS. Calvin, Jouni. (ied. vi. (1898), pp. 333-355 ; T. C. Chamberlin. “The Ulterior 
basis of Time-divisions and the Classificatioii of Geologic History,” op. cit. pp. 449-462 ; 
H. S. Williams, “The Classitication of Stratified Rocks,” op. cit. p. 671 ; B. Willis, “In- 
dividuals of Stratigraphic ClasNitication,” op. cit. ix. p. 557. 

* Professor Gaudry estimates the total number of zones in the European geological series 
at 114. In this calculation the Jura&sic system is allowed no fewer than 34 ; the Carboni- 
ferous and Permian together, 10; and the Cambrian and Silurian together, 20 (‘Enchaine- 
ments du Monde Animal ; Fossiles Primaires,’ 1883). Professor Lapworth has recognised 
20 distinct graptolite zones in the Cambrian and Silurian systems {Ann. Mag. Nat. 
HUt. ser. 5, vols. iii. iv. v. vl. (1879-80), see especially the last i>art of his paper in vol. vi. 
p. 196 seq.). See also H. B. Woodward, “On Geological Zones,” Proc. Oeol. Aswe. xii. 
(1892), p. 295 ; J. E. Marr, “ Principles of Stratigraphical Geology,” 18^, p. 68 ; A. J. 
Jukes-Browne, Geol. Mag. 1899, p. 216. 

* Compare Hebert, .4nn. Sci. OM. ,xi. (1881). 
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of birth — Chalk, Oolite, Greensand, Millstone Grit. Others are topo- 
graphical, and bear witness to the localities <^here the formations were 
first observed, or are typically developed — Oxfordian, Portlandian, Kime- 
ridgian, Jurassic, Rhsetic, Permian, Neocomian. Others are taken from 
local English provincial names, and remind us of the special debt we owe 
to William Smith, by whom so many of them were introduced into geologi- 
cal literature — Lias, Gault, Crag, Cornbrash. Others recognise an order 
of superposition its already establishe<l among fornuitions — Old Red Sand- 
stone, New Red Sandstone; while still another class is founded ui>on 
numerical considerations — Dyas, Trias. By common consent it is admitted 
that names taken from the region where a formation or group of rocks is 
typically developed, are best adapted for general use. Cambrian, Silurian, 
Devonian, Permian, Jurassic, are of this class, and have been adopted all. 
over the globe. 

But, whatever be the name chosen to designate a fwrticular group of 
straUi, it soon comes to be used as a chronological or hoinotaxial term, 
apart altogether from the lithological character of the strata to which it 
is apj)Iied. Thus we speak of the (’halk or Cretaceous system, and 
embrace, iind<*r that term, formations which may contain no chalk ; 
and we may describe as Silurian, a series of strata utterly unlike in 
lithological characters to the formations in the typical Silurian country. 
In using these terms, we unconsciously adopt the idea of relative date, 
llcrjce such a word as Chalk, or Cretaceous, does not so much suggest to 
the geologist the group of .strata so called, as tin? interval of geological 
history which these strata roprc.sent. He speaks of the Cretaceous, 
Jurassic, and Cambrian })eriods, and of tin* ('retaceous fauna, the 
Jurassic flora, the Cambriarj trilobites, as if thct^e adjectives deru)ted 
simply epochs of geological time. 

The Geological Record is classified into fi^c main divisions: (1) 
Pre-Cambrian, also called Archajan, Azoic (lifeless), Eozoic (daw’u of 
life) or Proterozoic (earliest life); ('!) Paljeozoic (ancient life) or 
Primary; (M) Mesozoic (middle life) or Secondary; (4) Cainozoie 
(recent life) or Tertiary, and (5) Post-Tertiary or (.Quaternary. The 
Tertiary and Post-Tertiary are .sometimes groujM*d together as Neozoic 
(?iew life). These divisions are further ranged in systems, each system 
in series, sections, or formations, ciich formation in groups or stages, ami 
each group in single zones or horizons.^ The accompanying geneivilised 
Ud)le exhibits the se«iuence of the chief .sub-divisionn. 

Part 1. Pre-Cam bui an. 

^ i. General Characters. 

In the classification of the materials of the earth’s crust enunciate<l 
by Werner the tern “ Transition rocks ” was applied to a large series of 
* On the classification of the Geological Record see Professor Renevier, Hull. Sue. Vaud. 
xiii. p. 229 ; Afck. Sci. Phya. Nat. xiL (1884), p. 297 ; Cutupl. rend. Congr. UH. Tnlermt. 
1894, pp. 523-695 ; F. Freeh, op. eit. 1897, Memoirea, p. 27 ; I^i. W. T. Blanford, OW, 
Mag. 1884. 
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Htrutifiod formations, which, underlying the fossiliferous or what were 
then called “ Secondary ” dT^posits, and overlying the various crystalline 
masses whicli wito legarded as the most ancient or “Primary” part of 
the (iarth's Kurfac(‘, were helieve<l to record an intermediate period of 
tei restrial history, b(!tween the time when any such crystalline materials as 
granite were laid down from a 8Up[K)Ked universal ocean and the time when 
01 ‘dinary sediment accumulated and entombed the remains of the earliest 
animal life. Ta>ng after the theoretical considerations that led to its adop- 
tion had been j)i ()\ed 1(» be fallacious, this term “ transition ” continued to 
maintain its ground as the desigjiation of the most ancient stratified rocks 
umhnlying the Old Ked Sandstone, and containing the earliest known 
organic le.mains. The researches of Murchison and Sedgwick eventually 
showed that tlicsu vcncrahle hnmiations confined a well-marked succes- 
sion of f)rganic types, whereby, as in the c:ise of the Secondary rocks, so 
admirably made out by William .Smith, they could be grouped into 
separate systems and formations, aful could be identified in all parts of 
the world. The terms Cambrian and Silurian (which will be explained 
ifi later fwiges) were pro{)ose(l by these illustrious pioneers to denote 
the okh'st known fossiliferous formalioTis, and soon ontireh" supplanted 
the older names “transition” and “graiiwacke.” The Cambrian system, 
as now generally uiub'rstood, includes the lowest series of Piimary, or as 
they arc now t'alled, Pabeozoic deposits (see p. 908).' 

But it has been well established that, while in some regions the base 
of the Cambriiin system is separated by a strong unconfonnability from all 
rocks of older date, in other tracts it can only be defined by an arbitrary 
line, beneath which lie other still more anciefit sedimentary formations. 
In these j)rimoval deposits there are records of demulation and deposi- 
tion, of alternate sedimentation and terrestrial movements, of stupendous 
and prolonged volcanic activity, and of distinct though scanty proofs that 
plant and animal life had already appeared upon the fact^ of tlie globe. 
So far as our knowledge yet goes, there are no means of asccrUiining the 
synchronism or hoiuotaxis of these formations in widely separates! regions. 
Fossil evidence entirely fails here as a guide, and mere mineral chaiacters 
arc only reliable within comparatively limited areas. All that can for the 
present be sittompted is to determine the true order of sequence, tectonic 
relations, and general structure of the several distinct formations in each 

* Be.siilds the coiitrihutions to the general discnsbiou of the origin and constitution of 
crystalline schists cited on p. 7S5, the tollowing works bejiring on pre-Cumbrian rocks may 
here be inentionod: Zirkel, ‘ Petrographic,’ vol. iii. pp. 141-425 ; Giimliel, ‘Geogu. Beschreib. 
Fichtelgebirge,’ 1879 : Kosenbusch, Xeues Jaftrb, 1889, ii. p. 81, Mitlheil. Btuiisch. ii'enl. 
iMtlestinsi. iv. i. (1899), Tschri'mak’ s MUthrU. xi. (1890), p. l44, xii. (1891), p. 49; 
“Re|»ort of tho Geological Survey on N.W. Uighlands of Scotland,” y. J, 0. xliv, 
(1888), p. 378 ; Michel-Levy, JJ. S. G. F. vii. (1879) p. 857 ; Barrois, Jwm. Soc. 

Nofd. viii. (1881), xv. (1888); W. E. Logan, 'Geology of Canada’; jiapers by Petter- 
seu, Dahll, Tornebohni, and others, some of which are cited on p. 898 ; by Dawson, 
Lawson, and others in the Reports of the Geological Survey of Canada ; by Irving, Van 
Hise, Bayley, and others in the Annual Reports, Bulletins, and Moiifgraphs of the 
United States Geological Survey. Some of the more important of these contributions are 
dteil on later pages. 
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eoantry where th^ occur, without in the meaiitime any Merious attempt 
at correlation, • 

It must further )>e observed that those oldest stratified rocks have 
very generally undergone more or less alteration timing the numerous 
terrestrial disturbances of geological history. Lying as they do at 
the base of the stratified pait of the earth’s crust, they have shared in all 
the movements by which, during the lapse of geological time, the t)ver' 
lying fossiliferous rocks have been afiectetl. E\ery intruded mass of 
igneous rock, every volcanic outburst, eveiy agent of contact or of regional 
metamorphism had first to piss through them ladtne it could reach the 
younger rocks above. Hence not oidy have they usually been disloeaU‘d 
and plicated, but they have been abundantly iinaded by intrusive materiids 
of all ages, and their internal structure ha.s fre«|Ut‘iitly been subjected to 
such mechanical stresses, with accompanying chemical and niineralogical 
readjustments of their component materials, that they have pism'd into 
the condition of .schists. In this highly altered state they often can- 
not be distinguished from still more ancient .schists the true origin of 
which is not cerUvinly known. In .some regions, indeed, when^ the older 
sedimentary formations have been greatly disturbed, a gradation may be 
traced, as we have seen, from unmistakable Palaeozoic or Alesozoic K(‘diments 
with recognisiible fossils into thoniughly crystalline an<l foliated schists. 
iSometimes this transition is do»ibtles8 due to an actual e.xtensive meta- 
morphism of the sedimentary rock.s, ayd in these instances there may be 
no means of 8e])arating the schists of which the .sedinieiibiry origin is 
ascertiiinable from those where it is not. 'I'he wliob* may Ixi Paheozoic 
or Mesozoic. In other ca.ses, there seems reason to believe that the grada- 
tion is rather due to e.xecssiie plication, whereby far more aiicient schists 
and Paheozoic or Mesozoic strata have been so compressed that they agree 
in direction of strike, and have been so folded that portions of the one 
series have been enclosed within the other, considerable general meta- 
morphism having at the same time been superinduced upon the 
whole. 

From underneath these oldest undoubte<lly sedimentary accumulations 
there rises to the surface a remarkable assemblage of thoroughly erystiilline 
rocks, which range from amorphous mas.ses such as granite, syenite, diorite, 
and gabbro, through many varieties of coarse and fine foliated rocks to 
the most silky schists and phyllites, and which further vary in chemical 
composition from thoroughly acid materials (gneisses, granites, &c.) to 
basic or even what are called “ ultra-biisic ” compounds (peridotites, 
talc-schists, serpentines). Though sometimes amorphous over considerable 
spaces, and then not to be distinguished from onlinary igneous cniptive 
masses, they for the most part present a more or less distinctly schistose 
or foliated structure, some' of their most abundant and conspicuous 
members being gneisses, often so coarsely banded as to pass into granite. 
They are often termed the “Crystalline Schists” (pp. 244, THf)). 

Possessing characters which link them on the one hand, with strati- 
fied, on the other, with eruptive rocks, this great series presents a 
peculiar type of structure, with which are connected some of the most 
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peq)lexing problems of geology.' These rocks cover extensive areas 
of the 8urfac6 of the continents, occurring usually wherever the oldest 
formations have been brought to light. But they everywhere pass under 
younger formations, so that their visible superficies is probably but a 
very small part of their total extent. In the northern regions of Europe 
and of North America, they spread over thousands of square miles, form- 
ing the tableland of Scandinavia and Finland, the Highlands of Scotland, 
various detached areas throughout Phirope and a large part of Eastern 
(Janada and labrador. They commonly rise to the surface along the axes 
of great mountain-chains in all quarters of the globe. So persistent are 
they, that they probably everywhere underlie the stratified formations as 
a general foundation or platform. 

The origin and geological age of the “ Crystalline Schists ” have given 
rise to much controversy. Some geologists believe these rocks to bo 
portions of the early cmst of the globe which consolidated from a molten 
condition (p. 870 ). Others have regarded them as onginal chemical 
di'posits on the floor of a primeval ocean. Kepudiating the exaggerated 
views of those who have sought by metamorphic (mctiisomatic) processes 
to derive the most utterly different rocks from each other (for example, 
limestone from gneiss and granite, granite and gnenss from limestone, 
tide from granite, &c.), these Neptunist writers have insisted that the 
crysUdline schists, in common with many pyroxenic and hornblendic rocks 
(diabases, gabbros, diorites, Ac.), as well as masses in which serpentine, 
talc, chlorite, and epidote are prevailing minerals, have ])ecn deposited 
“ for the ni<>st j)art iis chemically-formed sediments or precipitates, and 
that the subsequent changes have been simply molecular, or at most con- 
fined in certain cases to relictions betiveen the mingled elements of the 
sediments, with the elimination of water and carbonic acid.” To support 
this view, it is necessary to sup|X)3e that the rocks in {piestion were 
formed during a pericnl of the earth’s history when the ocean had a con- 
siderably different relative proportion of mineral substances dissolved in 
its (then probably much warmer) watei-s ; they are consequently assigned 
to a very early geological period, anterior indeed to what ai e usually 
termed the Pahvozoic ages. It becomes further needful to discredit the 
belief that any gneiss or schist can belong to one of the later stages 
of the geological record, except doubtfully and merely locally. The more 
thorough going advocates of the pristine, “azoic,” or “eozoic,” date, of the 
so-called “ Metamorphic ” or crystalline schists, have not hesitated to take 
this step.- Some have gone so far as to assert that, by mere mineral 
character, the crystalline rocks of contemporaneous perioils can be 
identitiod all over the world. They assume that in the supposed chemical 
precipitation, the same general order has l)eon followed everywhere over 
the floor of the ocean. Consequently a few hand -specimens of the 
crystalline rocks of a country are enough in their eyes to determine the 
geological position of these formations. Other geologists, recognising 

' For a summary of opinions reganliug the.'<e rocks, see Zirkel, ‘Lehrbiijjh,’ vol. iii. pp. 
141-184. 'rhe origin of scliwts by inetamorphism has been discussed ante, p. 785. 

See Sterry Hunt’s ‘Chemical Essays,’ p. 382 seq. 
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that the more crystalline members of the series of schists graduate into 
rocks that are much less crystalline, and eveit into what are recognisiibly 
of sedimentary origin, likewise that they include and ]);iss into nnusses 
tliat w’ere certainly eruptive, have come to regai-d the schists as a ineta 
niorphie series of seilimeutiry and igiu‘ou.s roeks owing their eharaeteristic 
foliated structure to some sul>sequt*nt action upon theind 

One of the eliief causes of ditliciilty in discussing the history of these 
rocks has lain in the fact that the crystalline schists arc, iu the majority 
t)f cases, separated from all other geological formations l»y an abrupt 
hiatus.- Instead of passing into, they arc ctjinmonly covered nneonfonn- 
ably by these formations, before the deposition of which they had usmdly 
been enormously denuded (see, for example, Fig. .'iOO). Iliujce, not 
only is there generally a want of continuity between the schists and 
younger formation'^, but the contrast )>etween them, in regard to litho- 
logical characters and geotectonic struct \ire, is often so exceedingly 
striking as naturally t<j suggest the idea that the schists must bchmg to a 
far eai-lier periofl than that of the oldest sedimentary formations of the 
ordinary tyi)o, and to a totally different order of physical (amditions. 
Natural, however, as this conclusion may be, those wh(» adopt it j)rol>ably 
seldom realise to what an extent it rests upon mere assumption. Start- 
ing with the suppo.sition that the crystalline schists are the result of 
geological oj)eralions that jneceded the times when ordinary stslinieiita- 
tion ])egan, it a.ssunie.s that they belong to one or more great early 
geological periods. Yet all that can logically be asJierted as b) the ago of 
these roeks is that they must be older than the olde.st formations which 
overiie them. If in one region of the globe they appear from under 
Cretaceous, in another l>elow Carboniferou.s, in a third below Silurian 
strata, their chronology is not more accurately definable from this 
relation tlian liy .siyitig they arc re.speetively pro ( 'retaceou.s, preCarboni- 
feroiis, and jire, Silurian. I'hey may all of eourso belong to the same 
period ; but where they occur in detached and distant areas, tlnu'o is as 
yet no method whereby their syncbroiiism can be jiroved. 'I’o as^rrt it is 
an assumption wliich, though in many eases irresistible, ouglit not to be 
received with the conti<lence of an e.stablislied truth in geology. 

No portion of the fieological Record has in njceiit ycais been more 
diligently studied than the ( 'rv.stallinc Schists, which, underlying the vast 
jiile fossil iferous systems, contain the earliest surviving chronicles of 
the history of the earth. Hut the problems piesented by thesi* rocks are 
so many aiul .so difficult that coini>aratiM'ly little progress has been made 

• For further diacussion of the more ijr»)l»al>le tliuorics on thw subject, see p. S70. Juki*.s 
(* Stiulent'.s Miinual of Geology,’ 3rd edit. (1872), p. 369), pointed out that igneous rork.H 
have undergone metaniorphisin no les.s tlmn the hcdimentarj formations among which they 
He, and his views have been confirmed by more r«'<-cnl work. See Ijebmann’ij volume cited 
on p. 785 ; AlljMjrt, J. a. S. xvxii, (1876), p. 425 ; G. H, Willianis, (■ite<l on j>. 790. 
Abundant coulirinatiou of Jukes’ pi oghosticatmus has lieeu obtained among the crystalline 
schists of Ireland, which he had partially studied. 

* Many continental gcoh-yi^t.s, however^ believe that the foliation of the schisU is usually 
parallel to the stratilication of the immediately overlying sedimentary formations. See, for 
instance, the summaiy given by M. Michel Li^y, Ji, S. iJ. F. xvi. 1888, p. 102. 
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in the endeavour to group them into formationfl or systems compurable 
with those of the fossilifsrous series, and to ascertain the stages of 
geological history of which they are the memorials. The obstacles to 
increase of knowledge on this subject arise from the complication and 
obscurity of the geot^ctonic relations of the rocks. We have as yet no 
satisfactory clue to their chronological se(iuence. The assumption that the 
bandiiig and foliation of the oldest gneiss represent original stratification 
has been generally abandoned as quite untenable. Hence all the early 
attempts to make out a stratigraphical succession among these rocks and 
to estimate their thickness are now recognised to be without foundation. 
Even wliere some sciiuencc can be determined in portions of the gneisses, 
as whore one mass h.as clearly been injected into another, the rocks have 
undergone so many disturbances, and so many and serious alterations of 
their internal structure, that it is hardly ever possible to follow up the 
*clue for more than a limited distance, and still less to base upon it any 
generalisation as to a generally aj)plicable order of apj)eaiance. Nothing 
in the least degrees analogous to the evidence of fossils among the 
sodimontary rocks is hen* available. Whether eventually a determinable 
se<iuenco among the minerals of tht*se ancient rocks may be ascertained 
remains still uncertain. If it could be shown that certain minerals, or 
groups of minerals, came into existence at particular stages in the forma- 
tion of the crystalline schists, a key might lie found to some of the most 
dithcult ])arts of this branch of geological inquiry. Hut though such a 
se([uence has often been clainn*d to exist, no satisfactory proof has yet been 
adduced that it has been asserted on more than imnc local observation. 
('Ortainly no general lavv of mineral sequence in giiological times has 
hitherto lieen established.^ 

'L'hus while it is often ditticult or impossible to ascert.iin the original 
order of succe.ssion among the cry.stiilline .schi.sts of a particular region, it 
is even more difKcult to form a satisfactory judgment as to the strati- 
graphical reJations of the .schists of two detached regions. There is usually 
no common basis of comparison between them, except siniilai ity of mineral 
charact<>r and structure. Hut as it can be sliown that even in a single 
area the crysUillino schists may sometime.s represent the results of many 
successive operations <‘ontinuing through a long series of geological 
periods, it is obvious that tlie task of correlating these rocks in distinct, 
and cspi'cially in widely separated areas must be beset with almost 
insuperable obstacles. 

Though in many countries a complete break occurs between the lowest 
gnekses and the overlying Palieozoic sedimentary formations, there are 

‘ Tlio Into T. S. Hunt \\:l^ oiu* of the chief exponents of the view that the crystalline 
pn'-Caiuhriiui rocks wore as chemical sediments in a certain definite order, and thal 

the rocks cotild he recognised by their mineral characters, and lie thereby grouped in theii 
proper onler all over the wot Id. See. for example, his es.say.s on “ The Taconic Question ir 
Geolog\ ' atid on “ The Origin of the t'rystalline Rocks ” in vols. i. and li. •)f the Tmus. Hoy. 
iS(JC. Ctouuia. How completely this artificial system breaks down when tcs^^l by an appea 
to the rocks in the field h-ss been well shown by R. D. Irving, 7th Atnt. Rep, U.S, if. S 
(1888), p. 383. 
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otW regions in which these gneisses are intimately associated with schists, 
limestones, quartzites, and conglomerates. «l'he real character of this 
association h^ been variously interpreted, but on any explanation, it shows 
that such gneisses cannot be older than certain crystalline masses which may 
bo regarded as probably, if not certainly, of sedimentary origin. Hence, 
while the inference from one series of sections has been that the gneisses 
belong to an early condition of the cooling crust of the globe, from another 
series it has been in favour of these gneisses and their associated stHiiment* 
ary materials having been formed after the crust was solidified, and after 
mechanical and chemical sediments had begun to he accumulated. 

Taking the widest view of the whole series of pre*Palaiozoic rocks, with 
their vast piles of various sedimentary formations above, and their complex 
series of crystalline massive and schisttise rf>ck 8 below, we encounter a 
somewhat serious difficulty in the attempt to group the wliolo of this 
varied assemblage of mineral masses under some common generally applic- 
able stratigraphical name. Such a name has usually been held to imply 
that the rocks which it designates belong to one well-defined portion of the 
frcological liecord. But this implicaticm is one which every geologist 
who has worked among these ancient rocks would earnestly deprecate, for 
he has in some measure realised how va.st, varied, and long-continued were 
the geological changes of which they are the memorials. These mutations 
irjclude many transformations of the earth’s surface, many disturbances of 
its crust, with enormous denudation and sedimentation, comparable with, if 
not greater than, tho.se which in later ages were repented again and again, 
even after the okhn* fossilifcrons formations were laid down. So similar 
have been the results that it is now difficult, or im|KKssihic, to discriminate 
between the more ancient and the more recent operations. To class all 
the LTystiillino schists and the grejit piles of sedimentary and igneous 
materials into which they seem to pass, by one general name, after the type 
of “ (Jamhrian,” ‘‘Silurian,” or “Devonian,” maybe convenient, but in 
the present state of our knowledge is a]>t to le;wi to confusion, by placing 
together ma.s.ses which may be of widely diffeieut geological ages and of 
wholly dissimilar origin. Vai ions terms have been proposed for this complex 
assemblage (if rocks, such as rriniilive, Proterozoic, Azoic, Agnotozoic or 
Ai'chjfaii. But from the data adduced in Book IV. Part VIII. regarding 
regional mcUimoiphi.sm, the student will undci'stand how full of uncer- 
tainty must be the geological ag(*. of many areas of crystalline schists. 
Mere lithological characters afford no perfectly reliable test of relative 
antiquity. To prove that any region of crystalline schists may be 
“Primitive,” “Azoic,” or “.\rch5ean” wo must first find thc.se rocks 
overlain by the oldest fo.ssiliferou 8 formations. Where no evidence 
of this kind is available, the use of precise terms, which are meant to 
denote a particular geological era, i.s undesirable. There seems good 
reason to believe that the asserted “Archaean” age of many tracts of 
schistose and granitoid rocks rests on no lietter basis than mere supposi- 
tion, and th^t as the study of regional metamorphism is extended, the 
so-called “Archaean ” areas will be proportionately contracted.^ 

^ Dr. Barrois thus expresses himself ou this .subject ; “ A great number of the rocks con- 
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Several distinct systems of mineral masses can be shown in some regions 
to exist beneath the base of the Palteozoic formations, differing so greatly in 
petrological characters, in tectonic relations, and probably also in mode of 
formation, that they cannot, without a very unnatural union, be arranged 
in one definite stratigraphical series. For the present it seems to me 
least objectionable to adopt some vague general term wliich nevertheless 
expresses the only homotiixial relation about which there can be no doubt. 
For this purpose the designation “ pre-Cambrian,” already in use, seems 
suitable. The rocks which I would embrace under this epithet may 
include a number of separate systems or formations which have little or 
nothing in common, save the fact that they are all older than the base of 
the Cambrian rocks. Until our knowledge of these ancient masses is 
much more extensive and precise than it is at present I think it would 
be of advantage to avoid the adoption of any general terminology which 
would involve assumptions as to their definite place and sequence in the 
geological record, their mode of origin, their relation to the history of 
plant and animal life, or their identification in different countries. 

As an illustration of the danger of such assumptions, I may refer to 
the history of the investigation of the Laurentian rocks of Canada. From 
the early observations of Sir W. Logan and Mr. Alexander Murray these 
rocks came to bo regarded as types of the oldest gneisses of the globe. 
They were looked upon as probably metamorphosed marine sediments 
that had formed the solid platform on which the whole series of fossil- 
iferous systems of North America had been deposited. The name Lau- 
rentian applied to them was transferred to similar rock-masses in other 
l)art8 of the globe, and came to bo accepted as the designation of the oldest 
known zone in the crust of the earth. Hut eventually it was discovered 
by Mr. Lawson that .some part, at least, of the Laurentiah gneiss is essen- 
tially of igneous not of sedimentary origin, and is actually intrusive into 
what are undoubtedly sedimentary strata. It could not, therefore, itself 
as a whole be the oldest rock ; and all the generalisations and identifications 
founded on its supposed position fell to the ground. The term Laurentian 
cannot henceforth have more than a local significance. It serves to designate 
certain ancient crystalline rocks of Canada, but a geologist would not 
now employ it to denote any of the rocks of another region, even though 
they might present similar general lithological characters. We must in 
the meanwhile bo content to restrict the application of such names to the 
regions in which they originated. There will be much less impediment 
to the progress of investigation by the multiplication of local names than 

Buleretl to Anhjvau in Brittany are only metamorphosed Cambrian or Silurian rocks, 
having merely the facies of primitive rocks. We do not think that Brittany can be the onlj 
region where this w the case ; on the coutrarj', it seeme to us prolmble that the Palseozoii 
formations are destined to spread more and more over geological maps, at the expense o 
the ‘primitive formations,’ by assuming gneissic and schistase mollifications” (.Inn. Soc 
(fM. Xord. xi. (1884), p. 139 ; mite, p. 781). Reusch’s discovery of fossils in the mica 
st'hists of Southern Norway proved some of the supposetl ” Archaean ” rockaa to be of Uppei 
Silurian age pp. 899, 925, 970). Ixiwer Silurian crinoids have been found in th< 

KupiHised Archaean tract of Virginia (N. H. Darton, .Inn. Jowm. Sd. xliv. (1892), p. 60). 
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by the attempt to force identifications for which there is no satisfactory 
basis. Each country will have its own tenniiiolog}* for pre-Cambrian 
formations, until some way is discovered of correlating these formations 
in different parts of the globe. 

Although w’hero the stratigraphical succession is most complete the 
gneisses that rise from under the oldest sedimentary rooks have been 
found to pierce those rocks, an<l thus to be of later date ; yet in most 
regions no such proof of |xisterioritv is to be seen. I’he coarse banded 
grieisses arc usually the fomulatioris on which the stratified fossiliferous 
formations unconformably rest. There is thus an obvious a^lvanbige in 
treati»ig these gneisses first in an account of pre Cambrian rocks. I shall 
here follow this arrangement, and reserve for a later section a d<‘scription 
of the sedimentary and igneous formations which intervene between the 
gneisses and the bise of the (.'ambrian system. 

1. The Unre.<f and srhi\f^. 

It h as often iH'cn noticed that the oldest known crystalline rocks 
present a reniarkahh? sameness of general mineral eharaeters in all parts 
of th(‘ eartln Se<liinentary formations constantly vary from country to 
i'ountry, l>ut when wc descend heneath their lowest mem)>ers we come 
upon a wholly difl'eient grouj) t»f rocks, which, like those of uiuloubt^dly 
igiKMUis origin, ndain one geiwral type of stiueture and composition. 
Tl»ese rocks inelud(‘ massive materials such as grarute, syerutr*, ga}»bro, 
dior ite, and h(»rni>l(*tjde l ock. Kut even in these a tendemry to a scliistose 
arrangement can usiially he ol)served. Ey far the most generally prevalent 
structun' is a more or less definite foliation. The coarser varieties are 
mark(*d ]>y alternate hands (»f di.stiiict mineral characters, orthochwe, 
plagiocla.s<' (commonly an acid variety), ([iiait/., hornhlende, and mic^'i 
(white ami hlaek\ being iiniversally conspicuous. Such rudely foliat(‘d and 
coarsoly handed gneisses offer gradations into masses which cannot l>c 
distinguished from ordinary erujitivc material. The handing is some- 
times strongly marked by the .separation of the more silicat(*d from the 
le.^s silicated minerals, as where layers of felspar or of rpiartz alternate 
witli others of hornhlende, pynj.vciie, or hiolite. 

While the foliation and the arrangement of the minerals in ))arallel 
hands give a bedded aspect to the.se rocks, tljc re.semhlance of this structure 
to the true bedding of detritid materials is more apparent than retd. A 
little examination shows that the layers are not persistent, that they 
ero.ss ctich otlier, and that jKu tioiiH of one may lie entirely separaterl and 
enclosed within another. Even where there has been an original banding 
of the material, the rock has usually undergone enormous mechanical com 
pression and deformation. It has ))een plicated, rolled out, dislocated, 
and crumpled again and again. Hence, though for short distances it is 
l>ossible to separate out layers or bosses of felspathic, h»)rnbleridic, 
pyroxenic, peridotitic, or serpentinous composition from the general brxly 
of gneiss, the geologist who tries to fix definite stialigraphical horizons 
by this means soon abandons the attempt in despair, and comes to the 
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conclusion that no 80 (iuence of a trustworthy nature can be established 
in the body of the gneiss it'self. 

From the coarsest gneisses gradations may be traced to fine silky schists ; 
and this not only on a large scale in tracts capable of being delineated on 
a map, but on so small a scale as to Ije illustrated even in hand-specimens. 
Such transitions seem to arise from the different effects of mechanical de- 
formation on materials that offered considerable differences in lithological 
composition and structure. Fine talcose schists, for example, can be traced 
to original peridotites ; hornblendic and actinolitic schists to such rocks 
as gabbro, diorite, or dolerite, and coarse granitoid gneiases to granite, 
syenite, and similar eruptive masses (pp. 428, 787). 

In the older accounts of these rocks the gneisses are described as pass- 
ing into or alternating with a wholly diflerent type of rocks, among which 
may be included limestone (.sometimes strongly graphitic), dolomite, 
quartzite, graphite- schist, mica-schist, and other varieties of schistose 
material. This apjmrent gradation was believed to mark an original 
transition of the sediment out of which the gneiss was thought to have 
been formed into the calcareous, argillaceous, or carbonaceous sediment, 
which was the earliest condition of the associated limestones and schists. 
It was thus looked upon as evidence that the whole crystalline series 
represented, in a metamorphosed state, an ancient accumulation of sedi- 
mentary materials. The existence even of organic remains in the lime- 
stone was insisted upon, and the so-called Eozoon was cited as the most 
ancient relic of animal life.^ But there is now every reason to believe 
such gradations to be generally deceptive. As a result of the enormous! 
mechanical compression and deformation which these ancient rocks have 
undergone, igneous and aqueojns materials have Wen so plicated and crushed 
together, and have undergone such profound metamorphism, that it is 
sometimes hardly imssible to trace a boundary between them. At the 
same time there seems no reason to look upon the limestones, argillite.s, 
quartzites, and schists as other than intensely altered sediments, which 
in theory, if not in actual ])ractice on the ground, must ha separated 
from the gneisses. 

Allusion has already (p. 864) been made to various theories of the 
genesis of the lowest gneisses and schists. Of these theories only three 
deserve further notice here. (1) That these rocks are a portion of the 
original crust which solidified on the surface of the globe. (2) That they 
are ancient sedimentary rocks in a metamorphosed condition, and in some 
parts so changed as to have been actually melted and converted into 
intrusive nunterial. (3) That they are essentially eruptive rocks, com- 
parable with "the deeper seated or plutonic portions of such igneous rocks 
as may be seen to traverse the earth’s crust, but sometimes associated with 
metamorphosed sedimentary strata into w'hich they have been intruded. 

(1) From the ubiquity of their appearanw, the persistence of their 
striking lithological characters, and especially the apparent blending in 
them of the igneous and sedimentary types of structure, the idea not 
unnaturally arose that the lowest crystalline rocks represent the first 

* Sw on thl» subject jmtetit p» 878, anil authorities thore oitcil. 
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crust that formed on the earth.' These r^jpks have been supposed to 
include some of the early surfaces of consolidation of the molten globe, 
and some of the first sediments that were thrown down from the hot 
ocean which eventually condensed from the atmosphere. Such a specula- 
tive view of their origin may seem not incredible in regions where these 
ancient crysUdlinc rwks are covered unconf(>rmably by the oldest 
Palaeozoic formations, from which they are marked off by so striking a 
contrast of structure and composition, aiul t») which they have contributed 
so vast an amount of detrital material. But it must be tested by the 
evidence of the rocks themselves, not only where the geological record is 
confes8e<ny incomplete, but where it i.s connuiratively full. Nowhere 
among the lowest gneis.ses is any structure observable which ciin bo com- 
pared with the superficial portion of a lava that cooled at the surface. 
Nor have rocks been discovered among them that can be regarded as 
of the nature of volcanic tuffs and breccias. On the contrary, the analogies 
they furnish are with deep-seated and .slowly -cooled sills and bosses. 
The 8upf)Osed intercalation and alternation of limestone and other pre- 
sumably sedimentary materials in the old gneisses are ])robably all 
deceptive. In some regions they can Ik* shown t<» l>e so, and it can there 
be flemonstrated that the gneisses are really eruptive rocks which pierce 
the adjacent sedimentiiry or schistose nutsscs, and are thus of younger 
age than these. If this relation can be clearly established in regions 
w'here the evidence is fullest, it is obviously safe to infer that a similar 
relation might be discoverable if the geological record were more com- 
plete, even in those parts of the world where the ])reak between the 
lowest gneisses and the Palaeozoic formations seems to be most pronounced. 
At least the possibility that such may be the case shotdd ]Mit us on our 
guard against adopting any crude .speculation about the original crust of 
the earth. 

The present condition of these ancient locks differs much from that 
which they originally pos.sessed. In fMirticular they have undergone 
enormous mechaniad deformation, have been to a large extent crushed 
and recrystallized, and have acquired a nmrke<l schi.slose structure. But 
in every large region where they are developed we may obtain evidence 
to connect them with plutonic intrusioths, not wdth siiperficial consolitlation, 
and to show that many of their essential details of structure may be 
paralleled among much later crystalline schi.sts prcxluced from the meta- 
morphism of Palaeozoic sediments ami igneous rocks. 

(2) That the lowest gneisses of (■anada and other regions are meta- 
morphosed sedimentary rocks was generally believed until not many years 
ago, on the grounds above stated (p. 864). But the increased attention 
which has been given to the study of the subject since Professor Lehmann’s 
great w’ork on the Saxon gneisses appeared in 1884, has led to so complete 
a revolution of opinion that this belief, at least as formulated by Sterry 
Hunt, is now generally abandoned. Those who still hold it in a modified 

* See Credner’H Elemente,” 9th edit., p. 369. DU* Fundameutalfomiation ; Enter- 
ningekruste. Compare also Bosenbusch, Xrves Jahrb. 1889, ii. p. 81. J. Lomas, Qeol, Mag, 
1897, p. 537. 
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shape recognise that the ori^jinal sediments must have differed considerably 
from those of any unquestionably sedimentary formation, and were probably 
deposited under peculiar conditions. They admit that these rocks have 
undergone extreme metamorphism, and that the alteration of them has been 
carried so far as to reduce them in some places to an amr)rphous crystal- 
line condition which cannot be distinguished from that of normal eruptive 
material. It has been maintained, indeed, that the Laiirioitian gneisses 
of Canada have heeii ])roduced by the actual fusion of the older sedi- 
mentary j)re-Caml>rLin formations and the absorption of these rocks into 
the general magnu of eru|)tivo material which now appears as gneiss.^ 
The intiusive character of some of the gmd.ss, which might be regarded 
as proof of its really igneous origin, is accounttal for by what is called 
an “ acjuo igrjcous fusion” (»f some parts of the sedimentnry rocks, and 
their intrusion inh) less completely metamorphosed portions of the series. 

(3) 1‘rohahly tlio gn‘at majority of geologi.sts now adopt in some form 
the third o]>inion, that tln^ oldest or so calhal “ Arclnean ” gneisses are essen- 
tially eruptiv<‘ rocks, atul that tlmy should be compared witli the larger 
and more. deeply-s<'ated bosses of intrusive material now visible on the 
earth’s surfact*. W'hether they were p<»rtions of an origimd molbm magma 
protruded from lumeath (he crust, or were produce.d by a ivfusion of abeady 
solidified parts of that crust or of aTicient sedimentary accumulations laid 
down upon it, imist be matter of .spi'cidation. In tln‘ gathei ing of actual 
fact we cannot go beyond their character as erujdive rocks, which is the 
4'arliest. (umdition to which they can be traced, and we mu^t conse(juently 
place them in the same great series as all the later erupt i\e materials 
with whi<*h geology has to deal. It is tpiite tiaie that they have heen 
profoundly modititsl since their (wiginal extrusion, hut tract's of their 
original cliaracter as masses of mobile, slowly crystallizing and segregat- 
ing matt'nal have not been entirely elVaced. 

Jiooking at the gneisses as a whole, with their various accompaniments, 
wo timl (hem (o form a comph'x assemblage of erystallitu' rocks wliich, 
thougli generally pre.senting a foliated struetnre, pass occnsimially into the 
amorphous eondition of ordinary eruptive rocks. In •eomJK)‘^ition tliey 
range from granite at the one end to peridotites and serpentines at the 
other. Hand-specimens of these rocks in their amorphous or nnfoliated 
et)ndition do not differ in any essential feature from the material of 
ordinary intrusive bosses in later tnn'tions of the, terrestrial crust, and 
the sjunc similarity of structure is borne out when thin slices are ])laced 
under the mieroseope. 

The most convincing proofs of the really evnptive nature of the 
gneisses arc to In* found in those tracts where they have undergone 
least disturbance, and whore therefore the way in which they traverse 
the atljaeent rocks can be distinctly ])erceived. They are there seen to 
cross many successive zones of sedimentary material, to send o\it veins 
and pn)tnisions, and to enclose, portions of the adj.acent roek.s, while 
at the same time the surrounding masses present many of ffhe familiar 
features of contact-metamorphism. Sections udiere these phenomena 
* A. C. Lawson, Ann nut Report Canwlinn (ieof. Sur^'. 1887. 
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can bo satisfactorily observe<l are no doub| comparatively rare, for in 
general the rocks have been so crushed and recrystallized that their 
original relations have been destroyed. It is in consequence of these 
subsequent movements that so much <lifticulty has been buiml in de- 
termining the igneous nature of the gneisses and their intrusive character 
with reference to the rocks adjacent to them. The abundant veins which, 
as in ordinary granite ln)sses. jnoceeded from the original gneiss have 
been compressed into long parallel Uaiuls which .seem to altinnate with 
the schists among which they wore injerted, while jiortions of the sur- 
rounding rock enclo.sed within the gmnss h.avt* had a foliation super- 
inducecl upon them paralhd to that of th<*>e bands Any om* who first, 
studied the older rocks where such ."I met n res are vi'^ihh* might easily he 
deceived into th(‘ lielief that these altei n.itioiis of parallel .strips of gnei.ss 
ainl scliist, or gnois.s ami limestone, really repre.seiit a <-ontinmins seipienco 
of ^edimentary tnalerial. Nor woidd he readily perceive his mistake until 
ho «'ould trace the jmictioti lim* into mumc tra<t where, hv cessation of the 
deformatii)!!, the ori'iinal i elation of the two grotqis of rocks could he 
oliserved.' 

It is not ditlieult to (tl»tain eoiiclu.sive prot>f iliat in tin* comjilev asseni- 
hlage of rocks con.stiluting the lowest gneiss thmeare not only difreiamees 
of <*ompo>ili()n and .stmetuie, Imt also ditl'enuices of relativi* age. Some 
portiofis of the scriis can he distinctly seen to liave heen intrnded into 
others. True dykes <ati he traced among tlmm, both of acid and basie 
C(>mposition. In tlie north west of Seotlaial, for example, the geneial 
bofly (»f gneiss is traverseil by a irmltiplicity of dykc.s, cutting across the 
olcb-'t foliation of the gmu'ss in a geneial mu tli ue-teily <lir<*ctiiMi ( h'lg. .'U5 1 ). 
A detailed study of such an urea reveals the fact that the fundamental 
roek.s repiv'.sent a jirolongcd .seru's of igneous protiusions As this eom- 
]>licated ni.iss of eruptive material has suh.secpteiitly undergone profonnd 
alteration hy dynarno-melamorphism, the ditliculties in unravi'lling its 
history necvl cause no .surprise. 

Ja*av ing out of account the dykes wliicli umlonliledly m,iiK later 
injections of igneous material, and contiiiiiig onr attention to the general 
mas.s of gnei.ss in its variations from an aiimrphous or granitoiil condition 
through the coar.se Kinded varieties to the finer .sehist«).se types, we may 
pursue the history of these jiuzzliiig rocks by eompai ing them with the 
larger inlru.sive bosses and sills tliat have aceompatiied the volcanic 
eruptions of all geological jieriods. In deep .sea U mI ami shuvdy cooled 
m isse.s of igneous material, as has already lu-en poitited out tpp. 711). 
we may frequently observa; evidence of the .segregation of the e<imj)onent 
minerals in bands or irregular p.itehes. Such a segregation seems to liavc 
taken place sometimes after the erupted rock had come to rest, soinetimc.s 
while it wais .still in movement. In the latter <’ase the layers of sejiarated 
materials have been draggetl forward, so as not only to acquire a banded 
or streaky .structure, but, as in the Tertiary handed gahbro of Skye, a 
crumpled anti plicated arrangement, .strongly resembling that of some 
ancient gnei.sse.s. How far characteristic arrangements of the 

^ See A, C. Lavvion, fitr. i. (1890/, j>. 184. 
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ninerals in the coarse-bandgd gneisses may have arisen from a process 
)f this kind in the consolidation of originally eruptive materials, remains 
jtill an open (question, though the progress of research favours the idea 
that such has really been to a large extent their source.^ 

It is certain, however, that, besides this original banded structure, 
he gneisses, as the result of much mechanical deformation, have had other 
ind later structures superinduced upon them, sometimes at successive 
)oriod8 of disturbance. The most massive granitoid rocks have thus 
►een crushed down under great strain, and have recrystallized as fine 
7 'anulitic gneiss or mica-schist. Epidiorites and amphibolites have by 
similar process been converted into hornblende-schists. In these cases 
he reconstructed rooks usually exhibit a finely schistose structure quite 
listinct from that of the parent mass, but with no markedly banded 
rrangeinent. Occasionally, however, in the recrystallization of the 
naterials, segregation into more or less definite layers or centres has comti 
nto play, so that in this obviously secondary arrangement a certain re- 
emblance may be traced, though on a small scale, to the much coarser 
»and8 in the earliest remaining condition of the oldest gneisses. 

There is yet aiKJther source of difliculty in judging of the relative 
ige and origin of various structures among the crysUdline schists. We 
nave seen (p. 728) that granite, besides breaking through the old rocks 
ind forming huge bosses as nvell as abundant veins among them, has 
joinetimos been introduced into their substance in such a way that they 
seem to be permeated by the granitic material, which, in minute layers and 
lenticlcs, (juito uncrushed, may be traced between the foliation planes of 
gran\ilitic gneisses and different schists. Where subsequent movement 
has crushed and drawn out such inteicalated layers, younger gneiss is 
produced that simulates with extraordinary closeness some aspects of 
the most ancient and, so to say, original gneisses.- This transformation 
appears to take place even among schists that can be shown to have been 
originally sedimentary rocks. So that by a new pathway of inquiry we 
are brought once more to the old doctiiie of the cycle of change through 
which the materials of the earth’s crust pass. The most ancient gneisses 
exposed to disintegration on the earth’s surface have furnished materials 
fop the formation of sedimentary deposits, which, after having been 
deeply buried within the earth’s crust, crusheil, plicated, and j^ermeated 
with gmnitic material, present once more the fispcct of the old gneisses 
from which they were in the first instance derived. 

^ Thia inference ap]i1ies more particnlnrly to tiie coarsely banded gneisses where the 
individual layers, consisting in great part of different ininernis, resemble some of the segre- 
gation bands in eruptive masses (p. 2.56). Tliere can be little doubt that, as already re- 
marked, the efficacy of mechanical deformation as a factor in the production of gneisses has 
been pushed too far. It will account for the crushed grauulitic and schistose condition, bnt 
hardly for the coarsely banded structure, where the layers consist of very different mineral 
aggregates. I have discussed this .subject in the paper upon the banded structure of old 
gneisses and Tertiary gabbros cited on p. 256, and in the joint paper with Teall, referred 
to on the same page. 

* See Mr. Home’s o1>servutions in OeologiccU Sunty Reimt for 1892, and his joint 
)>ai>er with Mr. Greenly, cited a»#e, p. 729. 



PABt I 


PniS-dAMBBlAN ROCKS 


876 


It is only when the complex tectonic re)|itions of the several masses 
composing the oldest crystalline rocks are closely studied that wo can 
adequately realise how hopeless would be the attempt to establish any- 
thing of the nature of a stratigraphical se4|uence among them. Where 
different eruptive materials present proofs of successive intrusion, we have 
indeed a clue to their relative age ; but such evidence carries us but a 
small way. The gneisses where obviously intrusive are iruiisputaUy of 
eruptive Origin, but they alternate with finely schistose bands which some- 
times seem to cut them. The })edding or banding of the rocks affonls no 
guide whatever as to sequence. It has ]>cen so folded and crumpled that 
even if it represented original stratification it could probably never be 
unravelled. But there is every reason to believe that it ])ear8 no r{«vl 
analogy to stultification. It may sometimes reprt‘sent, as already stilted, 
layers of segregation and flow-structure in an origimil igneous magma, at 
other times planes of movement in the crushing of already consolidated 
material. But whatever may have been its origin, it remains now in an in- 
extricable comple’^ity. Here and there, indeed, for short distiinees some 
well-marked band of rock may be traced, but the various rock -masses 
generally succeed each other in so rapid and tumultuous a manner .'is to 
defy the efforts of the field -geologist who would patiently map them. 

As a rule, only whore the earliest type of gneiss has been invaded 
by subsequently intruded masses can a successful attempt be made to dis- 
entangle the confused structure. Successive systems of dykes may thus 
be traced, and evidence may be obtained that powerful dynamic stresses 
affected the rocks between some of these intrusions. The dykes have 
sometimes been crushed, plicated, and disrupted until they have been 
reduced to isolated patche.s of schist irregularly distributed among the 
recoristructured gneiss. And through these involved and complicated 
masses newer groups of dykes have ri.seii, to be agjiin subjected to 
mechanical <leformation (pp. 882-890). 

The (piestion may occur to the student whether thi.s complex system 
of evidently plutonic igneous rocks was ever connected with any super- 
ficial volcanic activity. No such connection has yet been definitely 
ascertained, but it may be regarded as highly probable. If the most 
ancient gneisses with their dykes and bosses were the cleep seated portions 
of the successive uprisings of the igneous magma which culmi?iatcd in 
volcanic eruptions, we may hope eventually U) discover some trace of 
the materials that w'ere thrown out to the surface and accumulated there. 
In some of the overlying pre- Cambrian masses of sedimentary nxjks 
abundant lavas, tuffs, and agglomerates have been found, indicating the 
outpouring of volcanic material at the surface during the deposition of 
these sediments (p. 891). The vast scale of some of those volcanic 
eruptions may be inferred from the fact that in the Lake Superior region 
the accumulated materials discharged at the surface attained a thickness 
which has been estimated at more than six and a half miles. It may be 
eventually cttscovered that lome of these superficial manifestations of 
volcanic action have been connected with bosses, sills, or dykes that form 
part of the body of the gneiss below. 
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It must be confessed that^much detailed work among the lower gneisses 
in all parts of the world is needed before the many problems which they 
present are solved. But the following conclusions regarding them may 
now be regarded as esUil>lishcd : these rocks are in the main various foims 
of oi iginal eruptive material, ranging from highly acid to highly basic ; they 
form in general a complex mass belonging to successive periods of ex- 
trusion ; some of their coarser 8tnicture.s are probably due to a jmocess of 
segregation in still fluid or mobile, probably molten, material consolidating 
below the sui’face ; their granulitized and schistose characters, and their 
folded a?id crum[)led structures point t^) subsequent intense crushing and 
deformation ; their apparent alternations with limestone and other rocks 
which are probably of .s(Mlimontfirv origin, are deceptive, indicating no 
real continuity of formation, but pointing to the intrusive nature of the 
gneiss. 

2. sf'tlhnnilin'ff nml roknnir 

In different fwirts of the world enormous masses of rocks ar(‘ now 
known to interNcne betweeii the oldest or “Arclnean” gnei.s.ses, and the 
bottom of the fo.s.siliferous .series of formatiems. It was in ('anada that 
these ro(;ks were first studied. Logan and Miu ray grouped thtmi under 
the general name of lluronian, and they were believed to fill u]) the gaj) 
between the Laurentian gneiss on tht‘ one hand and the I’otsdam sand- 
stone or ba.so of the fo.ssiliferous series on the other. Lat(n- )uore detailed 
.study of these rocks in ( anada and the adjoining regions of tln‘ I biiUnl 
States has shown tlumi to j)osse.ss ev(‘n a greater importance than their 
original discoverers imagined, for they have been L)und to consist of 
several distinct groups •>!• systems, attaining a vast thickiuvss and present- 
ing a record of stupendous disturbances, denudations and de])ositionf 
of sediment, together with memorials of exten.sive and prolonged volcanic 
action. In the higher memlxM’s of these sedimentary deposits, dislinc 
remains of atiimal life hav<‘ in several regions been found. 'I'here is thu 
opened out the })ossibility of the ultimate discovery of a series of fo.ssil 
iferous formations even ladow the base of* the Paheozoic systems. 

Where metamorphism has not interfered with the recognition of the 
original character.s, the.se ancient sedimentary rocks present no st]'ucturj 
feature to di.stinguish them from the tletrital accumulations of higher {wir 
of the geological record, 'riicy consist of clays and muds hardemal in' 
shales and .slate.Sj of sand compacted into sand.stones and quartzites, 
gravels and shingles sfdidified into eonglomcrate.s. These rocks pro 
beyond question that the pnwesses of denudation and deposition we 
already in full operation with results exactly comparable to those 
T^aheozoie and later time. 

Few jxirts of the stratified crust of the earth present greater inter 
than these earliest remaining sediments. As the geologist lingers 'amc 
them, fascinated by their antiquity and by the stubbornness Avith Avh 
they have shrouded their secrets from his anxious scrutiny, he can soi 
times scarcely believe that they l^elong to so remote a jwrt of the earl 
history jw they can be assuredly proved to do. The shales are often 
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more venerable in appearance than those of Cambrian or Silurian time, ami 
show as clearly as these do their alternations df finer and coarser sediment. 
The sandstones display their false-bedding as distinctly as any younger 
rock, and one can make out the shifting chanietcr of the currents and 
the prevalent direction from whicli they brought the sand. The con- 
glomerates in their well-rounded fragments point a.s distinctly as the 
shingle of a modern beach to the waste of a land-surface and the pound- 
ing action of waves along the shore. 

Not only are these structural details ju’ccisely similar to those of 
younger detrital rocks, but we may hero and there detect the remains of 
the pre-Cambrian topography from which the primeval sediments were 
derived, and on which they were deposited. Hills and valleys, lines of 
clitt’ and crag, rocky slopes and undulating holh)ws ha\’e l)een revealed 
by the slow denudation of the pre-Cambrian strata under which these 
features were gradually buried. To this day so marvellou.sly has this early 
land-surface been preserved under its mantle of sediment during the long 
course of geological time, that even yet we may trace its successive shore- 
lines as it gradually settled down beneath the waters in which its detritus 
gathered. We may follow its promontories and bays and mark how one 
l»y one they were finally submerged and entombed beneath their own 
waste. ^ 

But these ancient stratified formation.s do not consist merely of 
clastic sediments. They include important masses of limestone and 
dolomite, sometimes highly crystolline, but elsewhere as.suming much of 
the aspect of ordinary grey compact I’aUcozoic limestone. Sometime.s 
they contain a considerable amount of graphite, and some of the shales 
are highly carbonaceous. In other place.s they are banded with layers 
and sefims or nodules of chert, in a manner closely similar to that in which 
the Carboniferous Limestone of We.stern Europe contains its siliceous 
material. Sometimes the chert bands are as much as forty-five f(5et thick. 
The general character of these mingleil c;ubonaceous, calcareous and 
siliceous ma.sses at once remin<ls the oUserver of rocks which have 
undoubtedly been formed by the agency of organh* life. Moreover theie 
occur extensive deposits of iron-«irbonate associated like the limestone 
with chert, an^l again recalling the results of the co-operation of plant 
and animal life. The large amount of carbon in some of the shales, 
points likewise in the same direction. 

It must be confessed, however, that actual remains of recognisable 
organic forms have only been found in a few places below the OhneHus- 
zone or base of the Cambrian system, chiefly in North America. Traces 
more or less determinable of sponges, corals, echiiioderms, brachiopods, 
gasteropods and merostomatous Crustacea, with especially various fonns of 
the family Hyolithidse, indicate a low fauna somewhat like that of the 
Cambrian system aTx)ve.2 Dr. Barrois has followed a band of graphitic 

* These features are admirably displayed in lloss-shire, N.W. Scotland, where the 
Lewisian gnei«l9, carved into hills and valleys, has been buried under the Torridon Sandstone, 
and has escaped destruction by the great displacements of the region (p. 890). 

* O. F. Matthew, Bvll Nat. Hist. Soc. New Brw\sunck\ ir. (1890), pp. 36, 42. C, D. 
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quartzite for a long way in the gneiss of Brittany, and has detected in it 
the presence of what may 'oe radiolaria, belonging to their most primi- 
tive group, the Mojjosphajridae.' 

Kefenmce may be made here to the controversy regarding the true 
nature of cerUiin curious aggregates of calcite and sei'pentine, which were 
found many years ago in some of the limestones associated with the lower 
or Lfiurentiun gneisses of Canada. These minerals were found to be 
arranged in alternate layers, the calcite forming the main framework of 
the substfincc, with the serpentine (sometimes loganite, pyroxene, <X:c.) 
disposed in thin, wavy, inconstant layers, as if filling up flattened cavities 
in the calcfireous mass. Ho different from any ordinary mineral segrega- 
tion with which he was acquainted did this arrangement appear to Logan, 
that he was led to regard the substance as probably of organic origin.^ 
This opinion was jwlopted, and the structure of the supposed fossil was 
worked out in deUiil by Sir J. W. Dawson of Montreal,^ who pronounced 
the organism to be the remains of a massive foraminifer which he 
called Eowvn^ and which he believed must have grown in large thick 
sheets over the sea-bottom. The same view was likewise taken by 
Dr. W. H. Carpenter,^ who, from additional and better specimens, 
described a system of internal canals having the characters of those in 
true foraminiforal structures. Other observer.s, however, notably Pro- 
fessors King uTid Rowney of Oalway,^’ maintained that the “canal- 
system” is not of organic but mineral origin, having arisen in many 
cases “from the wasting action of carbonated solutions on clotules of 
‘flocculiUi’ or, it may bo, Hjq)onitc — a disintegiatcd variety of serpentine, 
and in others from a similar action on crystalloids of malacolite. In both 
C(wes,” according to Professor King, “there ar(5 produced resid\ial ‘figures 
of corrosion’ or arborescent configurations, having often a regular disposi- 
tion.” The regularity of these form.s was attributed by Messrs. King and 
Rowney to their having been determined by a mineral cleavage." Pro- 

\V;ilcott, .(««. Ut'p. r..S. O'. .N*. p. 5.*)2 ; “IV-Cambn.iu F<iss>ililero«s Forma- 
tions.” H. .1 »/«:;•, OV<»/, .W. x. |>. 190 ; Vongrh OW. lutemtit. Paris, 1900. 

* ('■ompt. rend. 8th Auxost 1892. SjMMixfs ami foraminifera have also bevn reported from 
the pro-C'iuiil)rian rot-ks of Hutljvny (L. t’ayoux, Ompt. rend. June 1891, Feb. 1895; R R 
O. F. xxii. 1891, p. 197; Ann. Sih'. (ietd. Aord. xxiii. ISO.'l, p. 52), but the organic 
nature of these supposed Io>m 18 has Ijcen disputed (II. RjuilT, Aenv'f .lahrb. 1893, ii. p. 57 ; 
1890. i. p. 117). 

^ litp. Cevl. iiure. Cnmtdn. ltS58 : Amer. Journ. Net. .wxvii. (1864), p 272 ; Q.J. tf. S, 
xxi. (1865), p. 45. Harrington's * Life of Sir W. E. Itogan,’ 1883, pp. 365-378. 

* J. O’. N. xxi. (1865), p. .51 ; .xxiii. (1867), p. 257. See also his * Acadiau Geology,’ 
2ud edit.; ‘Dawn of Life,’ 1875 ; ‘ Notes on SpefCimeus of Eozoon Canadense,’ Montreal 
1888, aud “The Animal Nature of Eozoou,” O'euf. Mag. 1895. 

*• Frik\ Hoy. 6oe. 1864. p. 545; V- (15^65), p. 69; xxii. (1866), p. 219. 

See also G. F. Matthew on “Eozoon and other Organisms,” from St. John. New Brunswick, 
Bull. jXdt. Hist. Soc. AVw Brumtoicky ix. (1890), p.42. 

• i). J. U. & xxii. (1866), p. 185. 

• Professor W. King. Heol. Mag. 1883, p. 47. See the views of thesu writers, sum- 
marised in their work, ‘ An old Chapter in the Geological Keconl with a new Interpretation,’ 
London, 1881 where a full bibliography will lie found. 
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feasor M^bius of Kfel^ also opposed, the organic nature of IJozinm, main- 
taining that the supposed tanals and passages are merely infiltration 
veinings of serpentine in the calcite. In some crises, howevei-, the “canal- 
system ’ is not filled with serpentine but with dolomite, u liieh seems to 
prove that the cavities must have existed before either dolomite ov ser- 
pentine was introduced into the substance. It may be admitted that no 
structure precisely similar to that of some of the specimens of Eozoon has 
yet been discovered in the mineral kingdom.- Hut it must also be con- 
ceded that the chances against the occurrence of any organism in rocks of 
such antiquity, and which have been so disturbed and miiieralise<l, are so 
great that nothing but the ch}are.st evidence of a .structure which cannot 
be other than organic should be admitted in proof. If any mineral 
structure could be appealed to, as so a})])roximately similar as to make it 
po.ssible that even the mo.st characteristic forms of Euzmpn might be due 
to some kind of mineral growth, the question would be most logically 
settled in a sense adverse to the organic nature of the substance.'* 

Th(5 opinion of the organic nature of Kozooti has been suppos(‘d to 
receive .sup|)ort from the large quantity of graphite found throughout 
the older rocks of Canada and the northern parts of the United Slat(!.s. 
This mineral occurs partly in veins, but chiefly di.sseminaled in scab's and 
lamime in the limcstone.s and as independent layer.s. Sir .1, W. Dawson 
estimates the aggregate thickness of it inone band of limestone in the Ottawa 
district as not lcs.s than from 20 to ‘fO feet, and be think.s it is hardly an 
exaggeration to say that there is as much carbon in the “ Laurent ian” 
as in e(iuivaleiit areas of the Carbonifei’ou.s system. He compares some of 
the pure bands of graphite to beds of c<»al, and maititains that no other 
soureo foi* their origin can be imagined than the decomposition of carbon- 
dioxide by living plants.’* 'I’hc organic nature of all graphite, howe\er, 

* ‘ I’alipontographica,' .\\v. ]t. I/.'*; Xafttrr, w. p. '272, Sim* replu’s Ijy Carpenter iiiul 
D.awson, Ratlin’, w, jt. 328; Aimr. Journ. Si. I'H) wii. p. IIMJ ; also Avtrr. Jnurn. Si, 
(3) .win. p. 117. A. G. Nuthoist, AViav.. Jahrh. i. p. l»;i+. 

The nearest resemblance to the “ canal-systi m ' oj Eo:.»<ni mIikIi I have seen in any 
utidoubte«lly mere mineral ng;^regate is in the strm-luie known as inieioj»egtiialite, where, 
in tlie intergrowth of quart/ and orthoclase, arhoreseeiit divergent tube-like larnilicatioiis of 
tlie one mineral are enclosed within the other (see Fig. 4t. Mr. Kudler, who culled my 
attention to the resemblance, .showed me a remaik.-ihle iiiieropegmatitc, hrmight from the 
I)e.sert of .Sinai hy Profcs.sor Hull, in which the Fo/oonal arrangement i.s at once suggested. 

Whitney and Wadsworth in their ‘Azoic System’ {HnU. Mhh Cmup. /mtf. J/anartl, 
1884, pp. 528-548) give a summary of the cmitroversy, and decide against the organic 
origin of Eozoon. From tlie zoological side also Itomer and Zittel decline to receive 
Eozoon as an organism. In the pre-Cambrian rocks of Bohemia and Bavaria specimens were 
some years ago obtained showing a structure like that of the Canadian Kozoon. 'fhey 
were accordingly descril>ed oh of organic origin, und«r the respective names of Eozotm 
bohennaim and E. hararierm. But their true mineral nature apfiears to be now geuerally 
admitted, llie original ‘ Tudor sjiecimen ’ of Eozoon figured by Dawson has recently been 
re-exainincd by Prof. J. W. Gregory, who decide.s against iU organic origin. V. J. (J. S, 
xlvii. (1891), p. 348. 

* See Whitaey and Wad.sworth, ‘Azoic System,’ p. .'i39, aud the suggestive pa|)er by Dr. 
Weiuscheuk, Zeilnch. Kry»t. Min. 1897 ; likewise the remarks made anir, p. 270, on the 
researches of M. Moissan on metallic carbides. 
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can hardly now be maintained. In jCanada and the United States it not 
only occurs in the limestc^ies, but in pegmatites and running in veins 
through the gneisses. So intimately does it penetrate some of these rocks 
as to suggest that it may have found its way in the form of gaseous or 
liquid hydrocarbons from sonic underlying magma. 

An important and interesting feature of the pre-rambrian sedimentary 
rocks is the occurrence among them of abundant proofs of extensive and 
prolonged volcanic action. Sheets of lava having an aggregate thickness of 
many thousand feet are interstratified with coarse and thick volcanic con- 
glomerates and tuffs. The eruptive rocks include both basic and acid 
varieties, for among them are found diabase, melaphyre (often highly 
amygdaloidal), porphyrite, gabbro, quartzless and quartziferous porphyry, 
rhyolitic felsite, augite-syenito, and granite. Some further details regard- 
ing these masses will be given in subsequent pages. In the Lake Superioi’ 
region the amygdaloidal iliabases and the conglomerates are largely 
impregnated with native copper. 

While in some regions the original characters of pre- Cambrian 
rocks, sedimentary and eruptive, are as easily determinable as those of 
any ordinary I’aljeozoic series, in others they have been more or less 
ettaced by subse(|uent geological revolutions. Gradations can sometimes 
bo traced, as in the Ponokee district of Wisconsin, from greywackes 
and slates through stages of increasing metamorphism into mica-schists, 
which pres(‘nt every appearance of complete original crystallization.^ 
The limestones have jmsed into the condition of marbles; the iron 
ores, proliably originally carbonates, have become oxidised into limonite, 
haematite, and magnetite, while the ore has been concentrated iiito .separate 
masse.s. The “ green.stones ” have pa.s.sed into the condition of true 
schists.- Some of the.se metamorphosed ai'csts present so many points of 
resemblance to the lower gneisses already de.scnbed that it is not at all 
surprising that they should have been confounded, and that their true 
relations siiould only have been made out after mucli controversy and 
long-continued detjviled study. 

Dtiring the discussion as to the true relations of the.se pre-Cambrian 
stratified and eruptive rocks to the coarse-crysbilline banded gneisses 
above described, it wa.s pointed out that in some sections a complete and 
strong unconforinability occurs between the two series. Xo doubt could 
there exist as to the enormous break that separates them. In other regions, 
however, the lower gneisses were shown to be so involved with schists, 
limestones and conglomemtes that no satisfactory separation of them could 
be made, while in some places the gneiss actually crosses these rocks in- 
trusively. Each country or district may present its own phase of the 
problem. At present, as already stilted, no means exist for determining 
the true correlation of the pre-Cambrian rocks in sepiirate, and especially 
in distant, areas. If wo admit that the lowest gneisses with their accom- 
paniments form an eruptive assemblage of which the component portions 
may belong to widely different perii^s of time, it is quit§ conceivable 

^ R. D. Irving and C. R Van Hise, .1««. Hep. U.S. G. 1890, p. 434. 
a G. H. Williams, Bull. U.B. G. K No. 62, 1890. 
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that a certain group of aedimentary formationa may be found in one 
district to He unconformably on theae gnej^es, and in another to be 
pierced by some of their younger meml)er8. 

There is likewise some difficulty in fixing the upper limit of the 
pre-Cambrian formations. Where the Cambrian rocks lie on them uncon 
formably the obvious stratigraphical break forms a convenient line of 
division. Hut in some countries a thick mass of conformable sedimeiiUiry 
rocks underlies the Olenelliis zoue which has been taken as the base of 
the Cambrian system, and in these instances the line of .separation 
becomes entirely arbitniry. Sections of this nature are of great value, 
inasmuch iis they impress uj)on the geologist that the artificial chanu^ter 
of the divisions by which he chissc.s the geological record is not confined 
to the fossil if eroiLs formations, but marks also those of the pre Cciinbrian 
si'.ries. Uri<!onformabi lilies, oven where wide-.spread, ainnot reg>inled 
iis universal phenomena,^ and though of infinite s<irvicc in classification, 
should be employed with the full consciousness that the blanks which 
they represent do not indicate any world-whle interruption of geological 
continuity, but may at any moment be fillcsl up by the evidence of 
more complete scction.s. 

With regard U) the com|xuative value of the prc-Candjriaii I'ocks in 
the chronology of geological history no precise statement can Ik*, ni.-ulo ; 
but various circumstanc(i8 .show that they must represent an enormous 
period of time. We shall see i?» .succeeding ftagtis that from the genonil 
character of the Cambrian fauna it must Im; njgarded as (‘crtain that life 
had existed on the earth for a long sericjs of ages lH)fore that faiiim 
appeared, in order that such well advanced grado.s of organisation shotdd 
then have been rcachc<l. Om*, of the mo.st interesting chapters of 
geological history would ])c supplied if .some ad<M|uate account could be 
given of the sUgos of this long pre-Cambrian evolution. 

Further, the more thickne.ss and variety of the pre-Cambrian formations, 
together with their unconformabilitics and other structural feiitiircs, 
suffice to prove that they reprc.scnt an enonnous chronological interval. 
In North America, where, so far as at present known, they arc most 
extensively developed, they are cstimaUHl to attain a thickness of more than 
66,000 feet, or upwanls of twelve miles, and have Ijc^n reganle*] there 
as chronologiadly quite (Kpial to the whole of the rest of the geological 
record. Even when we eliminate the lieddwl volcanic rocks from the 
computation and reduce the remaining sctlimenUiry series to the lowest 
allowable dimensions, an cn<irmous nuiss of stnitified material remains, 
which, even if it ha<l been uninterruptedly de[N>sitod, would have roipiired 
a period of time comparable to prol*ably more than that taken by the 
whole of the Palaeozoic systems. But we know that the deposition was 
not continuous. Both in North America and in Kumpe there is cUar 
evidence from markcfl uncon formabili ties that it wiui biokcn by epochs of 
upheaval and by long ixsricxls of extensive denudation. It is evident, there- 
fore, that we must assign to the records of pre-Cambrian time a far more 

* Mr. V«a Hine bail suggested that ‘*8ome of the largrr niiconfonoities may 1* inter- 
conyaental in extent,’' 16tA Ahh, Rep. U.S. O'. X (18iW). p. 73.3. 
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important chronological value than has generally been apportioned to 
them. c 

If, as already stated, it is impossible in the present state of science to 
find any satisfactory basis for the correlation of the oldest gneisses in 
distant and disconnected regions, it is not more practicable to establish 
a basis of correlation for the pre-Cambrian stratified formations. The 
evidence of fossils hardly as yet exists, and mere lithological characters are 
in such circumstances of little value. All that can be done at present is 
to work out the succession of rocks in each well-defined geographical and 
geological area, giving local names to the stratigraphical groups or 
systems that may bo established, and trusting to future research for some 
method of possibly ascertaining the parallelism of these divisions in 
different juirts of the world. Hence in the following summary of the 
characters of the pre-Cambrian rocks in the Old World and in the New 
no general terminology will be attempted, but in each country the names 
and divisions adopted there will be given. 


§ ii. Local Development. 

Britain. —Much attention ha.s been given in recent years to the pre-Cambrian rocks 
of the British Isles and a voluminous literature has arisen concerning them. Kocks. 
however, have been claimed as pro-Cambrian which are certainly eruptive masses of 
later date than parts of the Lower Silurian series. Others Imve been assigned to a 
similar i)Osition, though their relations to the older Palieozoic rocks cannot be seen, 
while otliers again cannot properly bo disjoined from the lower portion of the Cambrian 
system. In the confusion whicli has thus been introduced it will be most satisfactory 
to restrict attention to those rocks and areas about the true relations of which there 
appears to Ito least room foi dis]»uto. 

In no jMirt of Euroiw aro pre-Cambrian rocks better displayed than in N.W. 
Scotland, where, as ali'oudy dc.scribed (p. 792), they have undergone extensive regional 
metamorphism. Their j^sition, previously indicated by Macculloch* and Hay 
Cunningham,'^ was lirst dehnitcly established by Murchison,^ who, with Nicol as his 
earlier colleague, showed that an ancient gneiss is uncon formably overlain with a thick 
mass of dull red sandstones, above which lie (also unconformably, as was eventually 
discovered) quartzites and liincstonos containing fossils which he referred to the Lower 
Silurian system. He regarded tlie red sandstones as probably Cambrian, and after 
proposing the terms Fundamental and Lewisian fur this underlying gneiss, be finally 
adopted instead of them the tenu Laurentian, believing the rock.s to be the eiiuivalent 
of those which hod been studied and described by his friend Logan in Canada.^ The 

* * A Description of the Western Islands of Scotland,’ 1819. 

“ ' Geognoatical Account of the County of Sutherland,’ Highland Sik. Trans, viii. 
(1841). p. 73. 

« BrU. A. woe. 1885, Sect. p. 86; 1857, Sect. p. 82; 1868, Sect. p. 94 ; J. G. A 
xiy, (1868), p. 501 ; xv. (1869), p. 353 ; xvi. (1860), p. 215 ; xvii. (1861), p. 171. Nicol, 
Q. J. O, K xiii. (1857), p. 17 ; xvii. (1861), p. 85 ; BrU, Assoc, 1868, Sect. p. 96 ; 1869, 
Sect. p. 119. 

* In the elucidation of the true relations of the rock.s to each other in the N.W. of 
Scotland later geologists have taken part, more especially Dr. Hicks, Profesror Bonney, Mr. 
Hudleston, Dr. Callaway, and above all, Professor Lapworth and the officers of the Geo- 
logical Survey. The literature of the subject, up to 1888, will be found condensed in 
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•ubMqnent diaoomy by th« officers of tbe Geological Survey that the OlenelluM-txmt^ 
or base of the Cambrian ^tem, forms part of the seifes of quartzites, dolomiteo, and 
limestones,* proved these formations to be of Cambrian age. The quartzite at the 
bottom of the Cambrian series in tlic north-west of* Scotland re{V)He.s with a strong un- 
conformability, sometimes on the red sandstones, sometimes on the gneiss. Hence these 
last two distinct groups of rock were thus definitely proved t(» be pre-Cambrian. As 
they differ so strongly from each other, their respective limits can Ik=i ea.sily followed, 
and as they extend over a united area of hundreds of .square mile.s in the north-west of 
Scotlaiul they afford abundant opportunities for tbe most detailed examination. The 
rocks of this region may he arrange»l in descending order as in the following table 


( Dolomites and Lime.stone.s of Durne.ss vitli numerous foh^iI!H 
indicating Cambrian and {tossibly lowest Silurian horizons 
(p. P20). 

I Serpulito grit and “Fucoid IhsiIs*' "ith StiUerfUa and 
(tft'tidlus — Olotittllus-/one. 

Quartzites with abundant worm -burrows. 


[ 1 1 noon fbrmabil ity . ] 


Prc-Camiiriaii. 


= I Dull red sandstones, sbales, and conglomerates attaining a 
4 '| tbii.’kim.'js of at least .SOOO or 10,000 feet, the upper limit 
C I being lost bv denudation and unconformability. 

[Strong unconforiuabiht} . ) 


^ f ('<(ar.se. gneisses and .schists deriveil by mechanical deformatiou 
I j I'roni a complex .aggregate ot eruptive rocks of different ages. 
Ill om* area there ajij»ear.s to be a group of still more aneient 
'•edimeiit.'irv rocks through which the gneisses have l>een 
iiitnuh'd. 



LKVVf.siAX. -Tlic oldest giiei.s.sea of Scotland form the I.slc of Lewis with the rest of 
the Outer Hebrides, and extend in an interrupted hand on the mainland from Cape 
Wrath at least a.s fur ns Locli Duich, For this important and w'ell - defined group 
of r(H*k.s the name Lewismii, propo.scd by Murchi.son, 8e*‘m.s most ajipropriate. As 
originally studied, it was tliouglit to be a comparatively .siniph* formation. Its 
foliation -jilaiies, like those of otlo r .similar rocks, were supposed to murk layers of 
deposit, and t<* show that the rock.s w«*ie metamorphose*! sediments. It was believed 
to have been thrown into sliurji anticlinal and sym linal foMs, of which the axes lan in 
a general north-westerly direction. I'iie iletuile*! muppiiig of the region by tin* Geo- 
logical Survey, however, has shown that the appurent bedding is w'liolly dccejdive, ami 
that the seeming simplicity givi'S place to an e.\tiaoi<linarily complex structure.''^ The 
rocks have been n.scertained toconsi.st of two great gr<»ups • (A) an intricate intermixture 
of various basic, intermediate, and a< id material, which constitute hy far the largc.st pro- 
jxirtion of the whole, and have been teiined the ‘‘Fundamental eomjdex,” ami (H) a .succe.s- 
sion of dykes, by which the complex has in ]>rc-Cambrian time been traversed (Fig. yt)4). 

(A) The fundamental and predominant {>art of the Ju'wisian .series coirsists of various 
more or les.s handed, but sometime.s amorphous ami massive, rocks, which have all been 


the Report by the Geological Survey, in Q. J. <i. S. vol. xliv. (1888), p. 378. The mor«* 
important announcements since that <Iate will be referred to in the .se<iuel. 

* Brit. Assoc. 1891, Sect. p. 633. Peach ami Horne, Q, J. if. S. xlvni. (1892), p. 227, 
and the Annual Reports and Summaries of Progress of the (Jeological Survey from 1893 
onwards. 

* On the gneiss of N.W. Scotland, see Q. J. <i. B. xhv. (1888), p. 378, wht i the work of 
Messrs. Peach, Eorne, Gunn, Clough. Hinxman, and Cadell U Bummarised. A detailed 
official memoir on the region is now in preparation. Tbe pre-rairibriau deformation deactihed 
in the text is much more ancient than the regional uetarnorphism discussed p. 792. 
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included in the general appellation of gneiss. This oldest and main oonstitaen^ re- 
garded simply from the petrogitphical point of view and without regard to theoretical 
questions as to origin, has been classified by Mr. Teall in the following five chief 
types.* I. Rocks composed of forro-magnesiau minerals, without felspar or quarts: 
(1) Pyroxenites ; (2) Momblendites. 11. Rocks in which pyroxenes are the domutating 
ferro-magnesian constituents, felspar always present, and in some cases quartz : i. with- 
out quartz : (a) Ifyficrsthene-augite-rocks, with garnet (pyroxene granulites) ; without 
garnet (rocks of the Baltimoro-gabbro type) ; (6) Augite-rocks, gabbros in structure and 
oomfKMition, but forming part of the fundamental complex, and often associated with 
quartz-bearing rocks of a similar character : ii. with quartz ; augite-gneiss. ill. Rocks 
in which hornblende is the dominating ferro-magnesian constituent: L without quartz 
or containing it only in small quantity ; rocks basic in composition : (a) Massive or only 
slightly foliated ; amphibolites with epidote, zoisite, or garnet ; {b) Foliated ; hornblende- 
schist (frequently foliated dykes) : ii. with quartz ; rooks intermediate or acid in 
composition ; (a) Rocks with compact hornblende and a granular structure (liomblende- 
gneias, proper) ; (6) Rocks with hornblende in fibrous or other aggregates ; (c) Rocks 
with compact hornblende and a more or less granulitic structure (granulitio hornblende- 
gneiss). IV. Rocks in which biotite is the dominating ferro-magnesian constituent; 
felspar and quartz both present : (a) Biotite occurring as independent plates or in 
aggrq^tos of two or three large individuals (biotite-gneiss, proper) ; (6) Biotite occurring 
in aggregates of numerous small individuals (a rare type) ; (c) Biotite occurring as in- 
dependent plates, structure granulitic. V. Rocks in which muscovite and biotite are 
inesont, together with fcls|>ar and quartz— inuscovite-biotite-gnoi&s. 

Altliough the rocks of these five grou|»s find on the wlmle their nearest analogies 
among deep-seated eruptive masses, they include in at least one district certain rocks, 
probably of sodfmentary origin, consisting of mica-schists, graphitic-schists, quartzites, 
and siliceous granulites, limestones and dolomites, chlorite-schists, kyanite-giieiss, and 
silUiuaiiite-garnet-schist, to which further reference is made on p. 890. 

(B) The system of dykes by which the fundamental complex is traverstMl has been 
arrangeil by Mr. Teall in the following five petrographical tyfw.s. 1. Ui/ruA-iiASic : 
(a) Massive, peridotitea ; (A) foliated, talcoso schists containing carbonates and some- 
times gedrite. 11. Basic; (a) Massive, — dolorite, epidiorite ; (A) Foliated,— honiblendc- 
aoliiat. 111. Dykks of frculiar composition : (a) Microcliiie-mica-rocks ; (A) Biotite- 
diorite, with maoropoikilitio plagioclase. IV. Giianitf>{ and Gnkissosb granites: 
Biotite -granite with microclinc. V. Pegmatitrs: Microcline-quai'tz rocks with a 
variable amount of oligoclase or albite.^ 

Ill some |tarts of the region, where deformation has been least, the rocks have retained 
much of what was probably their original oharacter, and can be recognised as syenite, 
dioritc, gabbro, poridotitc, picrite, pyroxene-granulite, or other massive amorphous 
member of the eruptive rocks. From these structureless areas, gradations can be traced 
into well foliated masses and into coarsely-banded gneisses, where the minerals have 
segregated into lenticular bauds and elliptical or irregular concretions. Though it may 
often lie diHitmlt in practice to distinguish tyjies of structui-e among these rucks, two 
such types may in many instances bo recognised. In the first place, there is the banded 
or abrogated structure, in which the predominant minerals have soparatoil out from 
each other, and have crystallized more or less apart, often in coarse aggregations, form- 
ing in this way distinct bands or folia, whicli, since they are often crossed by the planes 
of foliatiuu (Figs. 362, 368), are evidently older than the development of these planes. 
Tlis bands consist sometimes of pyroxene or hornblende, with little or no plagioclase, 
or of plagioclase witli small quantities of the ferro-magnesian minerals and quartz, or 
mainly of plagioclase and quartz, or largely of magnetite. This s^ctnre jirobably 


* Ana. Rep. GeoL Hut'v. 1894, pi 280; 1895,- p. 17 of Reiwint. 
^ .Imi. Rep. UtoL Smv. 1895, p. 18 of Reprint 
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belongs to the time when the rook exuted ss tn erupted msteriiil. It resemUee in 
many respects the segregation layers in some sills or basils of eruptive materials (gabbroe, 
dolerites, &c.) which have cooled and crystallized slowly at some considerable depth fri>m 
the surface. In the second place, there is abundant evidence of mechanical deformation 
of the gneiss, especially along planes in certain directions. The rock has been power- 
fully ruptured and crushed in these lines, and has thereby acquired a granulitized and 
distinctly foliated structure. 

lloth in the massive and in the coarsely-banded gneisses of the fundamental complex 
abundant pegmatite veins occur, which vary in width from a few inches to several yards, 
and consist mainly of feUiiar and quartz. These grey veins, sometimes so numerous as 
to constitute a large iwri^ortion of the whole rock, occasionally enclose patches of the 
dark more basic rock around them, but have no determinate grouping {fig. 360). They 
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I'l;;. SiXi. — \ein*i of ii> jjiiPiss, hoiiUi ofCajM; Wrath 


have played an inqioitant juirt in the ultminte l OiiKtitiitioii of the gneiss. Where still 
quite traceable, but where they iiave come within tlie influence of mechanical defor- 
mation, they apjiear as rudely {larallcl an<l puckered liands (Fig. 361). Hut as we jiass 
into the more thoroughly foliated ^lortions of the gneiss, the original character of the 
pegmatites is found to be more and more atfected, until it liCcomes no longer recognis- 
able in the acquired schistose stnicture. Tlie dark basic portions of the original mass 
pass into rudely foliated basic gneisses, and the grey pegmatites shade into the more 
quartzom bands associated with them. Thus the derivation of the gneisses from 
amorphous igneous rocks may be regarded as estsblished beyond dispute. 

As illustrative of the conclusion that while there seems good reason to believe that 
the segregated or coarsely-banded structure indicates a separation and crystallization of 
materials ont ot^ still unconsolidated igneons magma, the predominant foliation struc- 
tures which traverse these bands were produced by powerful mechanical movements, 
•■ch a section as that presented in Fig. 362 may be cited. The mineral bands have 
there been violently plicated, and have been cut through by a sncceesion of thmst- 
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planes {t t), by nwiiich they have been poshed forward and piled over each other. The 
foliation (indicated by the fine fwirallel lines in the diagram) thus superinduced follows 



Pig. 3rtl.— Gneiss with deformed pcgmatiteM— Cape Wrath. 


the direction of movement, and crosses indiscriminately the boundaries of the different 
• aggregates, of original materials. Viewed from a little distance the darker and lighter 

crumpled layers form a striking feature 
on many coast cliffs, but they are seen 
to be abrufitly truncated above and 
below by thrust-planes parallel to which 
the gneiss has sometimes been crushed 
and rolled out into flaggy sheets (Fig. 
36.S). Those ancient stnictures are 
similar to those so abundantly de- 
veloped in the younger or eastern 
gneisses already (p. 796) referred to. 
They seem to make it certain that after 
the consolidation of the complex Bs.sem- 
blage of igneous rocks and the ])roduc- 
tion of their pegmatites, a series of power- 
ful mechanical movements crumpled, 
crushed, and sheared the whole mass, 
and produced in it a distinct foliatibn. 
Portions of one kind of material, such 
as dark hornblende, have been separated from the rest, and have been involved as 
distinct lumps in another variety, such as grey quartzose gneiss. 

The detailed investigations of the Geological Survey have further shown that, after 
the first foliation had been superinduced in the fundamental complex, a now series of 
igneous protrusions invaded the gneisses, chiefly in the form of dykes. The petrographi- 
cal characters of these later intrusions have been given above, and their general dis- 
tribution is shown in Fig. 364, which represents an area of about twelve square miles in 
the west of Ross-shire. The earliest and most conspicuous of them consist of a remark- 
ably abundant series of dolerite dykes running in long parallel bands in a general 
W.N. W. and £.S. E. direction (B in the Fig.). The latest are dykes of granite or syenite, 
while probably of intermediate 'date, are certain highly basic dykes, among which 

* Figs. 362, 866-369, are taken by permission of the Council of the Geological Society 
from the Report of the Geological Survey published in the Quarterly Journal of the S6ciet^ 
for August 1888. 



PJat-OAMasrAir socks 


88T 


''piMt'ii' 

peridotite and picrite are characteristic (P). The evideiy^e as to the relative dates of these 



Fig. SeS.— Plicated banded gneiaa between maasea that have Wen sheare*! perallel to the tliruHt-planeii 
north side of 1/Wh Torndon. 

i^ncou.s intrtisions being tolerably clear, we have here proofs of a long interval of 
subterranean activity, during which the magma that was first injected into the gneiss 



Taken from Sheet 107 of the Geological Survey of ScoUaml on the scale of one Inch to a mile. The 
white ground (S) marka the general body (fundamental com|)lex) of the gneiss, travewed by dykes 
of dolerite (BX which are cut by later dykes of peridotite, picrite, Ac. (P). All these rocks are 
shifted by Ihalta or thrusts and overlain unconformably by the Torridon Sandetone (0 with Ite 
intrusive of oligoclase porphyry (F). Dip of foliation shown by arrows. 

in such basic form as dolerite parted progressively with its more basic constituents until 
it became in the end quite acid. It is interesting to find, even among the most ancient 
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rocks of Britain, a sequence of eruptive materials, from basic to acid, like that 
which appears so markedly among the Palaeozoic and Tertiary volcanic phenomena 
(p. 709). 



Fl^. 3(Jr) —Foliation mduccil in a »i‘aiiiU‘ vi'in in kiipish, I.ik-Ii I.iufoni. 

After the injection of these viuioiis eruptive materials, the whole region of the north- 
west of Scotland was once more snbji otcd to ]iowcrful ilynamic movements, whereby all 
the rocks wore piofoundly attected. The results of these operations are fouml jiartly in 
vertical lines or hands of nipture or crushing (Figs. 361, 366), along which, sometimes for 
a hreadtli of 500 feet or mote, the rocks have been cru.‘<hed or sheared, partly in thrust- 



Fig. 3(W. — Grouiiil-pl.ni illiistmtlnK the ileflfM>tioii aixl tlisrnption of the dyken in the Lewisian 
gneiss ofN.W. ik'uthiiid. 

TT, Cnish-Iinc or Tliiiwt; DU, I»yke, defliKSted about ) mile and much rompresseil. Tlio dotted lines 
show the Htriko of the gneiss and its dispUceiiient by the thrust ; the hue iHirallcI lines in the dyke 
and in the gneiss mark the direction of the newer schlstosity developed by the thrust-movement, 
which was in the din'otion of the arrow. 

planes which are often nearly flat (Figs. 344, 369). In some iustancos the intrusive 
dykes remain quite distinct, but have acquiretl a more or less distinct foliated structure, 
the planes of foliation being parallel to those which traverse the sur^unding gneiss 
(Fig. 365). But the alterations prodtmed by those enormous terrestrial stresses are most 
strikingly displayed by some of the more buic dykes. 

Along the central portions of one of the basalt or dolcrite dykes, the massive rock 
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has been broken^ into oblong lenticles round whicfi the more crushed material passes 
ihto hornblende - schist, while the 
outer iKn*tions of the dyke likewise 
become' entirely schbtose (Fig. 367 ; 

(‘onipare Fig. 266). So great has been 
the metamorphism even in the lenticles 
that the augite has been mostly 
changed into hornblende ; the felspars 
have assumed an ojMique granular con- 
dition, and the rock becomes a diorite. 

The peridotite and picrite dykes have 
been converted into soft talcose schists, 
the veins and belts of granite into grani- 
toid gneiss. Such, too, has been tin* 
compression that in some cases dykes of 
or 60 yards in breadth are reduced, 
where one of these thrusts or crusli-lim-s 
crosse.s them obliquely, to a thickness of 
no more than four feet, while the hori- 
zontal displacement sometimes amounts 
to a quarter of a mile (Fig. 366h Be- 
sides foliation produr'cd parallel to the 
vortical or highly inclined linos' of 
movement, a similar structure has been 
superinduced in the gneiss paiallel to 
the gently inclined thrust- planes. 

The influence of these later move- 
ments, not only on the amorfdious dykes 
and vcin.s, but on the general iiody of the 
already foliated gneiss itvlf, has been 
jirofound. Where the change has been 
most complete, a new' foliation has 
completely obliterated the original 
structure. F'rom this extreme every gradation may be tiaced, back to the first schistose 
structure, and thence into the original anioi phoiiH (stndition. In iminy cases this new 



Fik . 1<*7 IhaKiiOii uf <lul.‘iiU' <lyk*' « ilttilif; tewisiaii 
fHieiss, n'jocMOiloi}; un aoM of »VK)nt fiOd srjuHic jnulN 
Tliedaik iM.rtioii llie wlUi lU“i-yeH” 

or 1<‘iiticle.s 8nrioiiinl'*<l l>> ami j»as>»itin iiiHrcinally into 
horiibli’UtIc Ill*’ jury ImuhI on iMtljer hid** ot 

till* dyke* H lh< KuiioioHlm;; uneixs wlticli lias bt'eii 
Hitei ted l)\ H lolialioii pfirallol to ihal of 

the <l> ke Tlit* at row shown ihe diicclKHi uf iiio\ ftueiit 



Kifr 86S. — r>lagriftn ahowiiiK later obliqiifl foliation crdMinK Uif original banding of tha I^wisian giielsa 
(about nat. atxe>. 

» 

foliation has been produced nearly or quite along the planes of the old structure. But 
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everywhere examples may be observed where the alternate folia of lighter and darker 
material are traversed oblif|uely by the newer stracture, which may be perfect in the dark 
more basic bauds and hardly developed in the grey more quartzose parts. 

The various terrestrial movements indicated by the complex composition and strnctnre 
of the Lewisian gneiss must not be confounded with the post-Cambrian' disturbances of 
th<‘ sjtme region which produced the regional metamorphism already described (p. 792). 
The whole of them had been completed, and the rocks in which they took place at a 
great depth had been exposed at the surface by vast denudation before the next member 
of the pre-Cambrian series was formed. The Torridon sandstone lies unconformably 
on the old gneiss, covering alike its dykes, crush-lines, and thrust-planes, by not ftne 
of which is it in the least degree affected. It is of course impossible to form any 
ade<|iiate conception of the length of time denoted by this uiiconformability. But the 
more the geologist tries to realise what the denudation of the old gneiss involves, the 
more impressed w’ill he be with the vastnesa of the period which it denotes. 

Over nearly the whole of the Lewisian gneiss, so far as it has been studied on the 
mainland, no trace has been found of any rocks save what probably had an eruptive 
origin. In at least one district, however, which includes the picturesque valley of Loch 
Maree, a remarkable group of rocks occurs to which allusion has already been made 
(p. 883). Though their exact relations are not without some doubt, these rCcks 
appear to indicate a sedimentary series through which the Lewisian gneiss has 
Iwen erupted. They consist chieHy of fine mica-schist, quartz-schist, graphite-schist, 
and limestone. The graphitic material occurs in bamls an inch or more thick in the 
nuca-schist. The limestones are jiersistent beds, having generally a saccharoid texture, 
and sometimes full of the usual minerals found in mavhlo in a zone of contact-meta- 
niorphism. The lino of junction of this group of rocks with the gneiss is well defined, 
Imt does not distinctly show any intrusion of the latter; appearing rather to have re- 
sulted from movement with concomitant crushing. If these strata, so similar in many 
respects to rocks in the central Highlands, are eventually proved to bo truly of sedi- 
mentary origin, they will posse.ss a high interest as the oldest geological formation of 
which the stratigraphical position has been definitely fixed in Britain or in Europe.* 

In some portions of the north-west of Scotland, especially in the north of Sutherland, 
the surface of the gneiss has been reduced, after prolonged denudation, to a kind of level 
platform on which the Torridon Sandstone has been deposited. But farther south that 
surface presents a singularly uneven character, rising into heights 3000 feet above the 
sea and sinking into hollows that descend below sea-level. In the rugged mountainous 
ground between Lochs Maree and Broom, this primeval land-surface is impressively 
displayed, for the thick mantle of red sandstone under which it was buried and j>re8erved 
has been irregularly stripped off, and the details of the pro-Torridonian topography can 
easily l>o traced. 

Torhidonian. — From Cajn; Wrath, at the extreme north-west end of Scotland, soutli- 
wanls for more than 100 miles, there stretches a broken belt of singular conical or 
pyramidal hills, rising sometimes to more than 3000 feet above the sea, and presenting 
alijee in their form and colouring a striking contrast to the rest of the scenery of that 
region. They are chiefly built up of nearly horizontal or gently inclined strata of 
reddish-brown or chocolate • coloured sandstones and conglomerates. As they are 
abundantly displayed among the mountains that surround Loch Torridon, one of the 
moat picturesque inlets in the north-west of Scotland, they were called by Nicol the 
“ Torridon Sandstone." They were originally supposed to be Old Red Sandstone, and 
to represent the lower sandstones and conglomerates of that system as developed in the 
east of Sutherland and Ross. After the discovery of what were Iwlieved to be Lower 
Silurian fossils in the Durness limestones, which overlie the Torridon sandstones. 


^ See Brit. Ajutoc. 1^1, Sect. p. 834. Similar rocks have now been traced south-westwards 
into Glenelg. Sumniary o/ Progress of GeoL Survey, 1897, p. 37 ; 1899, p. 17 ; 1900, p. 8* 
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Murchison assigned these sandstonoa to the Cambrian system. Rut the recent detection 
of the Olenellus-zone among the strata which rest uncouforinably upon them proves that* 
they must be of still older date. They are now classed a.s “Torridonian" in the pre- 
Cambrian formations or systems of Rritain. 

The strata now to be described repose with a violent unconformability <m tlie 
Lewisian gneiss, and are in turn covered unconformably by cerluiu quart/ilcK to lh> 
afterwards more fully referred to as forming the base of the Caiubiian system. Where 
most fully developed, in the south-west c*f Roas-shire and in Skye, they are ladween 
10,000 and 14,000 feet thick. The following subdivisions have been recognised among 
them by the Geological Survey.* 

4. Cailleach Hea<l Group : sandstones dags, dark and black .shales and <'Hlcareous 
bands. 1000 to 1500 feet. 

3. Aultbea Group : chocolate-coloured and red sandstone.^, anti grey micaceoua 
flags, with partings of grey, green, anti daik shale. 2000 to 3000 feet. 

2. Applecross Group ; coarse arkose, with jtebblcs of vcin tjuartz, tjuaitzite, quartz- 
schist, mica-schist, felsite, jasper, Kc. 4000 to 5000 leet. 

1. Diabeg Group : hard red .sandstones ami grits, giey greywackes, retl mud8tone.s, 
dark grey and black shales, limestone and calcareous bunds ; 500 feet ami 
upwards, but increasing westwanls in Skye to perhaps 5000 or 0000 feet, and 
consi.sting there chiefly of giits, which at tlo* base are highly cpidotic, and 
include t)n the mainland a conglomerate which ic.sts on the upturned edges 
of the gneiss. 

An examination of the pebbles in the congloinerntcs has shown that schistow or 
metainorphic rocks are rare among them except in the. basal breccias ami conglomerates. 
They include a uumber of rocks tliat have not been detected in any ]>ai t of the laiwisian 
gneiss. The most interesting of these arc jicbbles of \ariou.s felsites, in which spheru- 
litic and {lerlitic structures can be recognised, ami which present a -sti iking resemblance 
to the Uriconian felsites of Shropshire (p. 800), fragments ot which occur in the 
Longniyndian rucks.** 

These pebble^ iu the Torridonian sediments indicate the (‘.vistence of volcanic rocks 
at the surface during the time when the strata \.’ero being dcjKisilcd, but no such 
rocks have yet been met with in place m the north-west of .Scotland. The conglom- 
erates at the liaso of the Torridonian senes are occasionally .so coaise as to deserve the 
name of boulder-beds. Sometimes, inde«*d, when! the component blocks are large and 
angular, a.s at Qairloch, they remind the observer <*f the stones in a moraine or in 
boulder -clay.® The sandstones or arkoses of the thiek and chnnubTistic Applecross 
group are in large measure composed of pink felspar, derived fr<»m such rocks as the 
pegmatites of the surrounding gneiss. An occasional thin band may be fonnd in the 
lowest group, consisting largely of grains of magnetite ami zircon, whence we learn at 
what an ancient epoch in geological histoi’y lieavy and durable giairi.s were st’parate<i out 
from the more ordinary sediment (see p. 163). The highest visible or Cailleach Head 
group, and also the lowest (Diabeg), include shales, limestones, and calcareous bands, 
which have been carefully searched for fossils, but hitherto without suecess. Certain 
track-like and other markings are .suggestive of organisms. Perhaps a surer indication 
is afforded by the occurrence of p}io.s}>hatic nodules in the dark micaceous shales of 
Cailleach Head, which may be of organic origin, and in which Mr. Tcall has detected 
under the microscope certain spherical cells with biown*coloured fibres in them, that 
appear to be debris of organisms.^ 

Thick as the Torridonian groups of strata arc, they represent only a portion of the 

* Avn. Aep. for 1898, p. 263. 

* - Mr. Teall, Ann. lUp, Geol. Hnrv. 1895, p. 20 of Reprint 
’ A. G., NtUxiTty xxii. (1880), p. 402. 

^ Sumnaryof ProgrtMoJ Oeol. •Sitrr. for 1899, p. 185. 
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geological period which they record, for their bane 
ilata unconformably and at different horizons on the 
Lewisian gneiss, while their upward prolongation 
above the highest remaining group has been removed 
by denudation. There can be no doubt that the 
interval between the deposition of the highest visible 
jiortion of the Torridonian scries and the base of the 
Cambrian formations must have been of prolonged 
duration. For not only had the red sandstones been 
upraised, but they had been profoundly trenched by 
denudation. So vast and unequal was the erosion 
that while at one place the lower quartzites are seen 
reposing on 3000 to 4000 feet of Torridon sandstone, 
at another only a few miles distant they rest directly 
on the Ijcwisian gneiss, the intervening massive 
group of strata having been entirely bared away.^ 

As already dc.scribcd (p. 792), there are extensive 
tracts where the pre-Cambrian rocks do not remain 
in their original positions, but have been pushed 
uito their present places by great subterranean dis- 
turbances, and have actually been shoved over strata 
of recognisably Cambrian age. In the detailed 
account above given of the structure of north-west 
Scotland it was shown that by these earth-movements 
slice after slice, sometimes gigantic in dimensions, 
of the Lewisian gneiss and of the Torridonian sand* 
stone have been shorn from the mass of these 
formations below grouiul, have beim ]>iled one on the 
other, and have been driven for miles westward over 
the Cambrisn strata which originally lay above them ; 
that the rocks subjected to such enoimous pressure, 
dislocation, and deformation have undergone serious 
motamorphism ; ami that finally by a gigantic rup- 
ture and thrust a thick series of gneissose flagstones 
(“Moine schists”) has been brought forward. By 
way of further elucitlation of this extraordinary 
structure the annexed section is given (Fig. 369). 
It will be seen what an enormous body of gneiss has 
here been displaced and pushed over the Cambrian 
strata, which in turn have been cut into slices and 
piled up above and against each other. Among the 
alterations of the Torridon sandstones one of the 
most interesting is the production of pegmatitic veins 
in them, like those which traverse eruptive rocks. 
These strata have been crushed and stretched in 
such a manner that ruptures, often lenticular in 
form, have been produced in them. In the cavities 
thus caused there has been a deposition of quartz 
and of quartz and pink felspar (Figs. 268 and 346). 

Of many of the rocks which have been thua 
displaced and metamorphosed, it «is extremely 
difficult to form a satisfactory opinion regarding the 

1 This stmetnre is shown both In F^«344 and 869. 
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probable wraree and original oondition. The larger displaced slices have preserved their 
original stmotnre best, and there is thus little difficuUy in generally recognising those of 
Lewisian gneiss. We have seen that in the west of Invemeas-shire some of these shoes 
are much more than 50 square miles in area. Hence in that region this gneiss probably 
constitutes a large proportion of the reconstructed schistose series which has been thrust 
westward over the Torridonian and Cambrian formationa The Torridon sandstones 
likewise can bo occasionally identified^ aud may constitute a not inconsiderable pro- 
{)ortion of the “Upper gneiss'* of Western Ross-shire. Possibly other sedimentary 
material, such for instance as the Durness quartzites, dolomites, and limestones, 
together with any strata which were deposited a^ve them, may have been involved in 
the gigantic crtishing movements that produced the younger or eastern schists. As the 
detailctl work of the Geological Survey advances the sources from which these schists 
have been derived may be more fully known. But the great fact has been abundantly 
established that the movements which pushed the rocks into their present positions and 
imparted to them their existing foliation took place after Cambrian time, and before 
the period of the Old Red Sandstone. We have thus a notable example of extensive 
regional metamorphism during the ]*alicozoic ages. 



Kik- S70.— Amphibolite Mill in Riieimi, Aniachy, IhIp of Mull. 


l)ALRAi>iAN.~-ln the rentnil, southern, and eastern Highlands of Scotland, that is, 
throughout the hilly ground east and south of the line of the Great Glen, an important 
series of metamorphic ixicks is largely developed, the true stratigraphical position of 
which is not yet certainly known. For the.se, as a CAmvenieiit provisional designation 
until their relations uie determined, I proposed in 1891 the term Dalradiaxi.' Tliey 
consist in large proportion of altered sedimentar)' strata, now found in the form of mica- 
schist, graph ite-.schist, andalusite-schist, phyllite, schistose-grit, greywackc, and con- 
glomerate, quartzite, limestone, and other rocks, together with epidiorites, chloritio 
schists, hornblende-schists, and other allied varieties which probably mark sills 
(Fig. 370), lava-sheets, or bods of tuff, intercaiatetl among the sediments. The total 
thickness of this assemblage of rocks most amount to many thousand feet Some of ita 
members are so persistent as to form rwx^isable horizons, and to afford a basis for some 
approximation to a stratignphical arrangement of’the whola In Perthshire, for example, 
the following groups in descending order have been mapped by tlie Geological Survey 

Dark schist and limestone (Blair Athol). 

Quartzite (Ben-y-GIoe). 


* Q. /. O. S. zlvii. p. 75. “ Dalradian ’* is taken from the old Celtic region of Dalriada, 
where the rocks are well developed. The term is not meant to describe an independent 
geological system, Imt as a short epithet to denote a group of rocks, of which the precise 
stratigraphic^ relations are not yet determineil. The fullest published acconnti of these 
rocks will be found in the Annual Reports and Summaries of Frogress of the QteiogxoaL 
Smnqf from 1893 onwaida. 
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Graphite -subiot. 

Calcareous sericite-Hchist, and sfricite-schist with bands of quartzite. On this horizon 
occure a great muss of epidiorite and hornblende-schist. 

Onrnetiferou.<i mica-schist and schistose pebbly grits. 

Liiuestune (Loch Tay). Ilnrnbleude-schists occur alwve and below this horizon (Fig. 371). 

Garnetiferous mica-schists, schistose grits, with pebbly bands and thick bands of green 
schists." Honiblendic sills i)egin to appear in this group. 

Massive grits with schists and conglomerate containing pebbles sometimes as large as a 
pigcoirs egg. (Ben Le<U, I»ch Achray, Ac.). 

Zone of slates (Aberfoyle). 

Pebbly greywacke and grit with black shales and limestone below (Pass of Leny). 

The Loch Tay Limestone has now been traced completely across the country from the 
Moray Firth througli the Grampian Mountains to the west of Argyllshire, and some of the 
other zones have been followed for many miles. As we have seen, the metamorphism of 
the rocks varies considerably, not only according to their composition, but even along the 
line of strike of the same group. On the whole, the plication, corrugation, and alteration 
appear to be most intense in the Gentral Highlands, as indicated in Fig. 371, and to 
become less as the rocks rece»le from that area towards the north-east and south-west. 
One of the most singular and instructive instances of this variation is that which has 
already (p. 796) been cited ns having been mapped by Mr. J. B. Hill, of the Geological 
Ben liawerx. 



Fij;. 371. HhowinK ti>e corrugation of the Dalradian senes in Central IVrthsliire. 

1, Miea-sehist; '.‘i Tiiy bimeHtone ; 3, (iraptiitic schist; 4, Quartz-schists. The htsek bands 
arc siBs ot epidiorite. 


Survey, in the district of Loch Awe, where a .series of grits, ])hyllites, and limestones, 
resemhling ordinary Palteozoic sediments, 1ms been found to pa.s8 along tlio strike into 
the thoroughly crystalline .schists of the Central Highlands. 

Although it is still impossible to express a definite opinion as to the stratigiaphical 
position of the Dalradian rooks, there is rea.son to believe that, like the series which lies 
on the west side of the Groat Glen, they may include representatives of the Lewisiaii, 
Torridonian, and Cambrian groups of the north-we.st Highlands, and not improbably also 
of a considerable mass of later, even of Lower Silurian strata. Some of the gneisses and 
gnei.ssose Hagstones are strongly .sugge.stivo of parts of the series of Western Sutherland and 
Ross. 'Phe quartzites of Perthshire, Islay, and Jura, so similar lithologically to those of 
the Cambrian series of the north-west, have yielded annelide burrows like those of Suther- 
land and Ross. Still more significant i.s the occurrence of what are probably Arenig 
strata wedged in along the southern bonlers of the* Highlands. The latest otogenic and 
metamoiqihie stresses that have affected that region certainly took place after these strata 
had been dejiosited (p. 797). This subject will bi’t further referred to in connection with 
the distribution of the Silurian formations in Scotland (p. 951). 

In the north ami west of Ireland, crystalline schists and eruptive rocks cover a large 
area; but as the rocks which unconformably overlie them are not of higher antiquity than 
the Carboniferous and Old Red Sandstone, there is no absolute proof in that country of 
their pre-Cambrian age. There cannot, however, be any doubt that it is the Dalradian 
series of limestones, quartzites, phyllites, mica-schists, epidiorites, granites, and other 
crystalline rocks, which crosses from Scotland and spreads across the \iorthem and 
western counties of Ireland. The Irish development of these rocks is similar to their 
grouping in Scotland, some of the bands of quartzite, congloraer&te, limestone, phyllite, 
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and mica-whist being probably eontiniiatrons of similar bands on the Scottish mainland 
and in the islands of Argyllshire.^ Bat there are also^cattered areas of coarsely-banded 
gneisses which present the closest resemblance to {larta of the Lewisian gneiss of Scot 
land. The best areas for the study of these rocks lie near Pottigoe and Ballyshaunon 
(Donegal), from Erris Head to Blacksod Point (Mayo), in the Slieve Gamph or Ox 
Mountains stretching from Castlebar beyond Sligo to Manor Hamilton, and in the 
western part of the county of Galway. The relations of the Dal radian series to the 
gneisses and granitoid rocks have not been accurately determined. But there is reason 
to believe that the former rests with a violent unconformability upon the latter. Near 
Castlebar, Mr. A. M‘Henry, of the Geological Survey, has found at the liaso of the 
Dalradian schists a coarse conglomerate made up largely of fragments of the gneisses and 
granites on which it rests. 

In England and W alo.s, a number of detached areas of rocks have been claimed as 
pre-Cambrian, though the stratigraphical evidence for their age is n(»t generally very 
clear. The tract where such rocks are most extensively ex|x>8ed and where their strati- 
graphical position is best seen is to he found in Anglesey. Although the Olenfflus-zom 
has not been discovered, the fossils found in the lowest strata indicate Tremadoc and 
po8.sibly even Menevian horizons in the Lower Cambrian series.'-* At the base some con- 
glomerates evidently lie with a marked unoonforinaftility on certain cry.stallino schistose 
rocks. It was the belief of Sir A. C. Banisay that the latter wei-e nn-tamorphosed 
portions of the Cambrian system, and they were .so represt-nU-d on the Geological Survey 
map.s. But a re-examination of the ground leads to the conclusion that they had 
acquired their [►resent crystalline characters bt'fon* the Caiiihrian strata were laid down 
upon them ; and as these strata belong to a low part, if not the base, of the Cambrian 
system, it becomes manifest that the schists must be of pre-Cainbriiiri age.-' 

Three groups of sclustose rocks, which differ considei ably in |>etrograpbieal cburacterH, 
have been detected in Anglesey. One of tlie.<ie, consi.sting miiinly of coarse gnei.sses, 
abounding in hornblende, garnets, and brown mica, and with coarse pegmatite veins, 
[•rcijeuts a close resemblance to j»ortions of the Lewisian series of N.W. Scotland. 
The secorul group occupies a mucli larger area, and is composed of Haggy cliloritic schists, 
green and puride phyllites or slates, fpiartzite, grit, and other more or less reoognisably 
clastic rocks. Tlie lescmblance of these masses to the Dalradian .series of Scotland and 
Ireland is striking. The (juartzite.s of Holyhead c<»nt:itn annelide burrows. The third 
group consi.st.s of cliloritic schists, grits, jihyllitos, and shales, the stratigraphical relations 
of which have been much obscured by extreme disturbance.^ The exact stratigraphical 
relations of these ciystallino groups to each other have not yet been satisfactorily deter- 
mined. It may, however, be reganied as a welI•e^tabllsllcd fa< t in British Geology that 

* The fullest account of thv.se Irish iiietainorphic roi-ks will 1 h* found in the Memoiis of 
the Geological Survey of Ireland ; see csiieeially those on Sheets 1, 2. 5, 6, ami 1 1 (Inishowen, 
Co. Donegal) ; 3, 4, h, 9, 10, 11, 15, and 16 (N.W. and Central Donegal) ; 22. 23, 30, and 
31 (S.W, Donegal) ; 31 and 32 (S.E. Donegal), Sec also Huikiies.s, (^, J. (1. S. .wii. (1861), 
p. 256 ; Callaway, op. cU. xli. (1885), p. 221. 

5 Professor Hughes, J. (r. .S', xxxvi. (1880), p. 237 ; xxxviii. (1882;, p. 16. 

^ Professor Hughes, op. cit. x.sxiv. (1878), p. 137 ; xxxv. (1879), p. 682; Brit. Annoc. 
1881, Sects, p. 643 ; Proc. Comb. Phil. Sttc. iii. pp. 67. 69, 341, Proft^.sor Boniiey, (4. J. 

(i. S. XXXV. (1879), pp. 300, 321 ; (red. Mag. 1880, p. 125. Dr. Hh-ks, J. C. A*, xxxiv. 
(1878), p. 147 ; xxxv. (1879), p. 295 ; (Jtd. Mag. 1879, pp. 433, 52H. Dr. Callaway, V. 

J. G. S. xxxvii. (1881), p. 210, xl. (1884), p. 567. Professor J. F. Blake, op. ril. xliv, 
(1888), p. 463 ; Brit. Assoc. 1888 (Report on Microscopic Structure of Anglesey Rocks). 
Address, Q. J. 0. S. xlvii. (1891), p. 82. C. A. Matley, <>p. cit. Iv. (1899). [». 636 : Ivi. 
(1900), p. 233 ; Jvii. (1901), p. 20. 

♦ I was disposed to r^ard this group as in part at least of Lower Silurian age, but the 
more recent and detailed surveys of Mr. Matley show that it is piobably older. 
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early in the Cambrian period there existed at least one tract of old crystalline rocks 
above water in the north-west of^Wales. 

On the borders of Shropshire and Wales a ridge of ancient rocks rises up from under 
Silurian strata which lie u|ioii it unconformably. Part of this ridge consists of eruptive 
material which was formerly believed to be of later date than the sedimentary rocks 
immediately around. But the main |iortion of the high ground is formed of a thick 
series of evidently very old grits, slates, and other clastic deposits, which, though hardly 
any trace of organic remains had been found in them, were assigned to the Cambrian 
system. More recent researches, however, have shown the presence of the Ol^jiellus-zone 
in this district at the base of a group of strata, which are thus definitely proved to be 
lower Cambrian.’ From this im{iortant horizon it is possible to work backward and to 
show that underlying these basement {tarts of the Cambrian system a remarkable group 
of igneous rocks comes to the surface. The investigations of Mr. Allport and Dr. 
Callaway havo shown that these rocks include both lavas and fragmental ejections, varying 
from coarse breccias to fine tuffs. The lavas are generally felsitic in character, showijag 
true rhyolitic structures, but there occur also bands of diabase which may po.ssib]y be 
sills. There is thus clear evidence of a copious ejection of volcanic materials in this part 
of England before the oldest Cambrian formations were laid down.'^ 

Though the evidence is not pcrha]» conclusive, it seems to {>oint to an uuconform- 
ability between the base of the Cambrian system and this volcanic grou{». which would 
tlius probably l)e of pre-C'ambrian date. The relation of the voh^nic mas.ses to the 
great thickness of ancient sedimentary strata constituting the ls>ngmy nd ridge has not yet 
been satisfactorily determined, though there are indicjitions that the volcanic group lies 
at the bottom. Dr. Callaway has pro{K>Hed the name Uriconian for that group, and Long- 
inyndian for the thick series of se^liineiitary strata lying to the westward. Those names 
may be provisionally accepted. The Ijouginyiidian rocks have generally been assigned 
to the Cambrian system, and they may {lossibly still be shown to belong to that part of the 
geological record. The Uricoiiian volcanic grou}>, however, is probably pre-Cambrian. 

In other {larts of England and Wale.s isolated areas have been described as containing 
pre-Cambrian rocks. Of these the district of 8t David’s in Pembrokeshire has attracted 
the largest share of attention, chiefly through the prolonged and enthusia.sti(: labours of 
the late Dr. Henry 1 licks, who in that small area endeavoured to csUblish the exustence of 
three distinct pre-Cambrian formations. At the l>ase, under the name of ‘ Dirnetian,” he 
placed what he considered to l)e granitoid and gneissic rocks with bands of impure 
limeatuue or dolomite, schists and dolerito. Above these he distingui.shed as Arvon- 
ian ” a group com()Osed essentially of rhyolitic felstones, breccia.s, and tuffs, marking 
volcanic eruptions of an acid ty|ie, while at the top he described by the designation 
** Pebidian,” a series of tuffs and slates.^ After a careful study of the ground 1 came to 
the conclusion that there is no trace of (ire-Canibrian rocks at St David's. I regard the 
so-callod “ Dirnetian " as a granite whicli has invaded the Cambrian rocks ; the 
** Arvonian ” includes the ({nartz-{>orphyrio.H, which appear As apo{)hyses of the granite ; 
while the ** Pebidian " is an interesting group of basic lavas and tuffs which form here 
the lowest visible part of the Cambrian system (referred to at p. 919). A similar 

’ Lapworth. Mag. 1888, p. 484. 

* S. Allport, Q. J. G. S. xxxih. (1877), p. 449. C. Callaway, op. cit. xxxiii. p. 652 ; 
xx.\iv. (1878), p. 754 ; xxxv. (1879X p- 643 ; xxiviU. (1882), p. 119 ; lUi. (1886X p. 481 ; 
xlviL (1891), p. 109. GfU. Mag. 1881, p. 348 ; 1884, p. 362 ; 1885, p. 260 ; 1900, y. 
511. J. F. ’Blake, Q. J. G. S. xlvL (1890), p. 386. 

* Q. J. G. S. xxxL (1875), p. 167 ; xxxiii. (1877), p. 229 ; xxxiv. (1878), p. 153 ; xxxv. 
(1879), p. 285 ; xl. (1884), p. 507. My account of the so-called pre-Cambrian rocks of St. 
David’s will be found in Q. J. G. if. xzxix. (1883), p. 261. Professor L^yd Morgan has 
since confirmed my main conclusions, op. cU. xlvi. (1890), p. 241. Compare also J. F. 
Blake, op. eU. xl. (1884), p. 294. 
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group of breceU« and tufla underlies the Cambrian slates of Llaubcris, and has likewise 
been claimed as pre-Cambrian, but it can be shown ^ pass uj) continuously into the 
Canihriiiii strata. In the Malvern HilU a coie of gneissose and schistose rock.s is doubt- 
le.ss of pic-Cuinbrian age, fragments deiived from it being found at the ba.so of the over- 
lying unconformable Cainbiian strata.* From the plains of rAUccstcrshire rises an 
Mi.Milai aiea of rocky hilKs (Charnwuod Forest) compoaiHl of slates, tuffs, and various 
ct v-'t.illine rocks, whicli by the Ceological Survey have been coloured a.s altered Cam* 
bnan. Mc.ssis. Bonney and Hill, ulio fully desj^nhed these rocks, rcgardeil tliern as of 
pie-t'ambriaa date, and showed to what a huge extent they are compo.'^cd of volcanic 
agglomcMles and tiitfs.- The rneks are iinuietliately surrounded ainl overliiin by Triassic 
sandstone", .so tliat their lelution.s to oldir locks are concealed. Although tliere is 
tlius no .slialigruphicnl evidence to fix their age, they must be admitted to lie litho- 
logieally dilleieiit from any known Paheozoie serie.s in the eomitry. They nniy thus 
witii some pi'tiliabihty be legauled as pro-C.imbiiaii. 'I'hey have been lecently niap|H’tl 
in detail by Mes.sr.s. Fox .Sliangways and W, W. Wiitt-s, ot the Geological Survey, and 
pre.sent tin' tollowing suceession in deseeudiiig order: -- 


Bi.nnl -ein's, (’oii-i-tiiig of "late-, at the top, ninleilain by eoiiglonierate and iiuartzite 
(ccnitaiiunu wono trai.ks), Ijing upon purple ainl green l)eils. 

M.iplewell SCI n-s, eoitiposeil ol olne liomstoiies , Wnodliouse Knls, slate-agglcuiieratc, horii- 
stone ol Ikacoii till!, ami li'lsitic :igglouier.ite, 

Hl.n kuuod sfi )es.'‘ 


Another piolubeiance ol aiuunt rocks lises in (.‘eiitral England from beneath the 
co.il tn ld ot Ka.sti rn W.u wickslure. In this instance a definite ago ean be aMsignod to 
one portion v'f the locks, lor they contain Cppcr ('ambiian fossils.'* Beneath those 
stiata, and appaicnlly in conlorniable M«|uetice with them, lies a well-marked volcanic 
giouj) wliich has been i lainicd us pie-<’ainbriaii, but which may be the equivalent of the 
volc.inic senes I’ebidian,” p. Shdt found elsewhere at the base of the ('atnbrian system 
Ip. yii'). At the Lizai'd Point in (.'ornwali a. series of eruptive and schistose rocks occurs, 
till* tiue lelalioMs ol wliich liave not y< I been h.xed, but which are probably pro- 
Cambrian. I'ln y iiu hide I'oai.se gneiss4'.s which rise as islets near the coast.** 

On the Continent ot Europe niinn rous i.solated areas of schists and olhiT ancient 
loek.s lia\ e been a.ssigin'd to a pre Cainbi laii or Arclia-an .senes. In the older descriptions 
of these tiacts an ordei of .succession and ineasmeineiit.s of thickness were often given, 
the lohatiou being flssumed to represent consecutive layers of deposition. But we now 
know that, in the great ntajoiily of ea.ses, the ftdiatioii is eiitiiely iiid«]*<mdontof original 
structure, so that the former attempt.s to e.slablish a .stratigraphicul order among tin; 
gneisses and schists, ami to comiiarc that order in different countries, cannot be 
accepted. All that can lie essayed here m to give a summary of the genetal chametera 
of the most aiieu nt locks of caili region refciTdl to. 


* J. l'liillip.s, "Geolog) of the Malvern Hills,” J/ewj.<fVo/. Sun', li. Part 1. Holl, t/ J. O. IS. 
xxi. p. 7*J. Kutley, op. at. xliii. <1^87), p. 481. (’alhixvay, p. r»2ri ; op. ni. xlv. (1889), 
p. 475 ; xhx. (1893), p. 398 ; (ieol.. May. 1892, i>. 545. T. Groom, op. cit. Iv. (1899), p. 
129 ; Iviii. (19U2), p. 89. 

- J. fJ. S \xxin. (1877), p. 754 ; xxxiv. (1878), p. 199; xxxvi. (1880), p. 337 ; xlvii. 
(1891), p. 78 ; h. (1895), p. 24. 

3 .l«H. Rep. (/eol. *Surr. for 1895, p. 5; for 1898, p. 10. The middle sulxlivision 
includes jome striking Yolcantc breccias aud agglomcrutes, 

* Lapworth, Gevi. Mag. (1888), p. 321. T. H. Waller, op. cU. p. 323. Rutley, ji. 557. 
A. Strahan, (»«>/. .S'urr, Map, Sheet 63. 

® Bonney anjJ Hiidle.stoii, <?. J. G. S. xxxiii. (1877), p. 884 ; xxxvii. (1883), p. 1 ; xlvii. 
(1891), p. 464, C. A. M‘Mahou, op. at. xlv. (1889), p. 519. H. Fox and J. J. H. Teall, op. 
rit. xlix. (1893), p. 199. 
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SoAiidilUkTU exhibits the largest cootimioiu tract of pre-Cambrian rooks in Eorope.^ 
Although these rooks have beensmore or less minutely examined throughout the whole 
extent of the peninsula, and have been described in many palmers and memoirs, the 
earlier published descriptions of them, though often excellent from the lithological point 
of view, were written before the revolution in the views of geologists regarding the com- 
plicated tectonics of regional inetamorphism, while these views since their promulgation 
have been only but partially applied to the elucidation of the true relations and 
structure of the older rocks of the peninsula. There can be no doubt that these rocks 
are a prolougation of those which farther to the south-west rise out of the Atlantic in 
the Highlands of Scotland and the hills of the north and west of Ireland. And there 
seems every probability that the broad features of geological structure which have 
lieen ascertained to prevail in the British area will be found to extend also into Norway 
and Sweden.* 

Wide tracts of western Norway consist of coarse- banded gneisses (Gnindljeldet, 
TJrbergct), which present the closest resemblance to the Lcwisiau series of Sutherland and 
Ross, but with a wider range of petrographical diversity. They include red and grey 
gneisses, banded and streaked granulitcs, cpidotc-gneiss, cordierite-gneiss, granites, 
syenites, gabbros, diorites, labradorite-rocks, garnet-rocks, amphibolites, i>eridotites, 
serpentines, Ac. The general assemblage of these rocks suggests that they represent a 
complex series of acid and basin eruptive masses. With them is intimately associated 
another group of rocks, of which conspicuous members are (piart/itc, limestone, mica- 
schist, quartz-schist, and others which, like those of Loch Marce (p. 890), point with 
more or less clearness to a sedimentary origin. This group is usually quite crystalline, 
and is certainly older than some portions of the gneisses which can be seen to pierce it 
It contains, however, bands of amphibolite, which may represent sills intruded between 
its component layers. Thus at Hukedal (Southern Norway) a mass, 3900 feet thick, of 
quartzite, quartz-schist, and interbedded seams of hornblende-schist, lies ujKin a group 
of hornblende-schists and grey gneiss traversed by abundant granite veins. Thin bands 
of limestone occasionally occur in the gneiss, as near Christiansaiul, where they have 
yielded many minerals, especially vesnvianite, coceolits, scapolite, phlogopite, chondro- 
dite, and black spinel. Apatite w'ifh magnetite, titaniferous iron, hieniatitc, and other 
ores forms a marked feature of the Norwegian pre-Cambrian series. The most important 

' In the older literature consult Keilhau, ‘Gaea Norvegica,’ iii. (1850). Kjerulf, 

‘ Udsigt over det Sydiige Norges Oeologi,' Christiania, 1879 (translated into German by 
Ourlt, and published by Cohen, Bonn, 1880). A. E. Toruebohm, “Die Schwedischen 
Hochgebirge,” Schwed. Akad., Stockholm, 1878. “Das Urterritorium Schwedens,” News 
Jalvrb. 1874, p. 131. Karl Pettersen, “Geologlske Undersogelscr inden Tromsu Amt," Ac., 
Ntyraht Videnttkub. Skr\ft. vi. 44 ; vii. 261, For more recent work see Reusch’s important 
monograph on the fossiliferous crystalline schists of Bergen, quoted on p. 785, also bis 
instructive essay ‘ Bommeloen og Karmoen,’ 1888 ; his papers in the ‘ Aarbog for 1891 ’ of 
the Geological Survey of Norway {Norges (Jtdogiake Undersfkjdse ) ; his "Geologiske lagtta- 
gebser fra Trondhjems Stift," Christiania Vidensk. Selsk, Forhandl. 1891 ; and his paper on 
“Crystalline Schists of Westoru Norway,” Cmipt. rend, Cong res. Qtol. Internai. 1888 (1891), 
p. 19‘2. T. Dahll, 0. A. Corneliussen, and H. Keusch, “Detnordlige Norges geologi,” Norges 
Qeolog, UndersOg, 1892. C. H. Homan, “Selbu," Norges Qeolog. U'uiersbg. 1890. Brdgger, 

of. No. 11, 1893. Tdrnebohni, Nature^ 1888, p. 127, and various papers during recent 
years in the Geot. Fiirtn, Forhandl, especially vol. xiii. (1891), p. 37 ; xiv. (1892), 

p. 27 ; XV, (1893), p. 81 ; xvi. (1894), p. 661 ; xxiii. (1901), p. 206. P. J. Holmquist, op, eit. 
xxii. pp. 72, 105, 151, 233 ; xxiii. p, 56 ; and Sverig. Oeol. UndersHkn, No. 186 (1900). 

* As the result of tw o journeys In Norway between Bergen and-Hammerfest I was convinced 
of this general parallelism, but the determination of the detailed stratigrapi^iy of the-conntry 
will be a task of incredible labour, demanding IVom the Scandinavian geologists many years 
of patient application. 
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ndiitnU iDA«tM in nn indurtrUl mom nrt thick beds nud leiHioular musea of iron-ore 
(Daunemora, Filipctad, kc.)> * 

Of obvioualy later date than the coarse gneUsea with their accompanimenta is another 
series of crystalline schists which spreads over vast tracts of country in Scandinavia. 
Among these rocks mica-schists, phyllites, quartz-sohists, clay-slates, iiuartsites, and 
schistose conglomerates are conspicuous, and indicate that a large pro}>ortiou of the whole 
mass is probably of clastic origin. But there are also included chloritic and hornblende 
schists, amphibolites, gneisses, and many other rocks which were probably of eruptive 
origin, whether injected asailla or thrown out contemporaneously with the aedi mentation 
of the schists as tuffs and lavas. In many respects this iin^iortant series of schists bears 
a close resemblance to the "younger gneiss" or Dalf^dian series of Scotland. But its 
actual stratigraphy has nut yet been accurately elucidated. That some part of it may 
be pre-Cambrian seems sufficiently probable. But its true lelatiuns are coiiiplioatcd 
by the discovery of Silurian fossils in some portions of the senes, and by the apparent 
gradation of comparatively unaltered fossiliferous Silurian strata into tlie schistose 
condition. Dr. Hans Rcusch, as already iKunteii out (p. 798>, has sliown tliit among 
the crystalline schists to the soutli of Bergen Irniuls of fine imca-schist or ])hyllite with 
layers and nodules of limestone contain fossils probably of UpfsT Siluiian age.> 
Having had an «)pj>ortuuity in 1889 of visiting the district, I have collected fossils Irom 
all the localities which he enumerates, uud can entinly confirm the account wliu li lie 
gives of the thoroughly mctamorphic olmractcrof the rocks among which the fossiliferous 
bands occur. The phyllites are intercalated among white quartzites, quartzite con- 
glomerates, green schists, liorublendic and actiiiolitic schists and gneisM‘s. But for the 
o(rcurreiice of the fossils, a geologist would naturally class the rocks as probably of pre- 
Oambnaii age. But the corals, graptulilcs, and other organic remains make it quite 
certain that the crystalline schists in which they occur iindtMwcnt their great 
iiietamorphism not earlier tlian some part of the Silurian jierioii. It will be an 
extremely difficult and laboiiuus task to disentangle the complications of these Nor- 
wegian rocks, and to determine which are of pre-Csinhrian and which of Palseozoic age. 
Dr. Reusch, summing up what is known regarding the distribution of fossils among these 
strata, believes that a more or less continuous belt of Cambrian and Silurian rocks, usually 
in an extremely nictaniorpliosed condition, can be traced along the axis of the Scaiidi- 
iiaviaii pouinsula from near Stavanger to the North Cape.'-* A group of red arkoses and 
sandstones, thou.sauds of feet in thickness, known as Sparagmitc, covers a wide extent of 
the hilly country in the heart of Norway to the noith of Christiania. The resemblance 
of these rocks to the Torriduniau .series of Scotland is remarkably close. 

In Sweden a .similar development of pre-Carabriaii rocks may be traced. Two 
broad aubdivisioiis among them have been recognised. The lower of these (Urberg) is 
grouped into an older series of giiei.sses (iron -gneiss, baiide«l gneiss, limestone, granite, 
Ac.), and a younger series of porfihyries and lulleflint-gueissea and granites. The 
up[)er section consists of more or less obvionsly aediiuentary formations, divisible into 
two series : the Dalarnian, composed more especially of reddish sandstones, shales, 
and conglomerates (6000 feet), and the Seve, made up partly of arkose and sandstone, 

’ See the volume cited/into, p. 78o. The younger Scandinavian gneisses and schists which 
overlie Cambrian and Silurian fossiliferous strata are referred to on pp. 925, 970. De Geer 
has recorded the occurrence of conglomerate among the " Archaean " gneisses, quartzites, and 
schists of Scania in the south of Sweden, tJeol. Fifren, iStocJcholin, viii. (1886) p. 30 (traus. by 
F. Wahnschaffe, Z, D. Q, Q. 1886, p. 271). Ninety-five per cent of its pebbleA .consist of 
grey quartzite, like the quartzite below (H. Backstrdm, Sventh, Akad. Handl. xxix. No. 4 
(1897), p. 23). lytz composition rather suggests a brecciation of the quartzite in tUu than 
a true conglomerate. 

* See his sketch-map of Scandinavia and Finland (Qeologisk Kart ova de Skandinaviske 
Lande og Finland), Christiania, 1890. 
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and i>artly of various < rystalliiie achiata and linieatone (Hedekalk of Swejlen, Biiikalk 
of Norway). Th« cliaracitr of the .sedimentary pre-Camhiian and Palaeozoic formations 
of Scandinavia is strikii4'ly dittcreiit on the eastern and western sides of tlje iwiiinsnla. 
Possibly a land-ban ier may fioin the begjnniug have .separated the areas of deposit, 
thus giving rise to an original dillerenee in the nature of the .sediments. But, as already 
])ointed out (p. 7{>8), the we.stern side of the reghm has Ijcen subjected to gigantic dis- 
turbance, displacement and regional metumorpluHm. The original elastic deposits of 
the Seve group have thus been converted into mica-schists, with some hornblende-schists 
and garnetifcrous gneisses. This altered form of the group coveiii a vast extent of the 
central tjelds, stretching us a broad baud from Dalarne u[) to the norther ii imrts of 
Sweden. ' • 

Pro-Cambrian rocks cover most of Finland, where they pie.seiit characters similar 
to tho.se observed in Sweden. They Jiavc been well described by Sederholm, who has 
given a stratigraphical clas.sitication of them, ami has especially called attention to 
some remarkahlo evidence of a sedinientary intercalation among them at Tatnmei tors. 
A congloriierato i.s there found to contain rounded ami jiartiiilly deformed pebbles of 
dioiite, guinite, .syenite, porpbyrite, pbyllite, and ipiaitzite. The variety of material of 
these stones and their obvioiusly rounded and w.ater-woni forms distinguish tlu m from 
those of a friction - breccia or cnisli conglomerate. The miitiix is &• histose, and can 
sonietiuie.s hardly lie distinguished Irom the pebbles eiicloMd in it.'-* 

Central Europe. — From Scandinavia and Finland a great series of pre-Cumbii.m 
crystalline schists stietches into the nuith-west of Knssia, reappearing in the north- 
east of that vast empire in Petehora Land down to the White Sea, and ri.sing in the 
nucleus of thd cliain of the Ural Mountains, and still farther soiitli in Podolia. In 
Central Europe, similar rocks appear as islands in the mid.st of mote lecent fuimatioiis. 
Among the Carpathian Mountains, they protrml© at a nuiuber of points. Westwards 
of the central jKiitioii of the Al[une cliaiii they rise in a more continuous belt, and 
show numerous mineralogical varieties, ineluding giiei.s.s, mica-schist, and many other 
schists, as well as limestone and .serjientine.'' Some of those rocks an* certainly altered 
sedimentary deposits, uthcis are piuhahly crirsheil igneous rooks. The jnotngine of the 
Alps has been sliown by Mielicl Lf'vy to be iiitni.sive. It boliaves to the .surrounding 
schists as some parts of the laiuientiau gneiss of Canada do to the .schi.st.s next to lliat 
rock. 


‘ See A. E. Tt.ruebohm’s papers in (Jeol. Form. Stnck/wlm. and in Jlautil. Akad. ^Stmk- 
xxviii. No. 5, 1896; the lleports of the (trol. Fndentoku ; also Nalhoist's 

* Sveriges Ceologil’ 1894, md jmtm, pp, 925, 970. 

* J. J. Sederholm, “Ulier eiuc Arclindsohe Sediincnttbrinalioii iin wcstlichen Finland,” 
Bulf. Com. iifol. Finlandr, No. 6, 1899. Hw cla.-<sili» atioii of tlie Finland pio-Caiiibri.an 
formations will be fouml at p. 283 of this Memoir. Much iiitornmtion regarding the.se nK'ks 
i.s given in the maps and aecompaiiyiiig explanatory memoirs of the (Jeological Cnimnissioii 
under Mr. Sederholm’s <lirectioii. al.so in his papeis in Tsekertnak's Mttthrd. xii. (1891), 
pp. 1,97; Ffiuiitt, viii. No. 3 (1893); Oeoi. ^orm. Stockliohn, xix. (1897), }>. 20. The 
Oliermittweida coiiglomer.ate among the imca-schists of Saxony is another well-known 
example (Sauer, Zedsth. ijes. Natnnms». hi, 1879, p. 706. J. Roth, SUd>. Akad. WUsemdi. 
Berlin, xxviii. 1883 ; ‘Algeiii. u. Cheiii. Ceologie.’ li, p. 428. Hughes, J. cT. *sr, xliv. 

1888, p. 20). 

^ A voluminous .series of papers ha-s been published ou the crystalline schists and gueiasea 
of the Aljis. Among these it is only possible here to cite a few : Zaccagna, Bol. CoJii. Ged, 
Ital. xviii, (1887), p. 346 ; Novarcse, op. nt. 1896, No. 3 ; L, Mrozee, * La protogiue du 
Mont Blanc. &e.' Geneva, 1892 ; L, Duparc and Mnwee's “Ma.ssif du Mont Blanc,” Mem. 
Six'. Phys.' I/idt. Xat. Geneva, xxxiii. (1898), 2nd and 3rd parts ; Mioh^ LtWy, B. S. G. F. 
1879 ; J. W. Gregory, (^. J. G. S. 1. (1894), p. 232; ‘Livret Guide du Congres Geol. 
Internat,’ Zurich, 1894. 
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Pie CauDbriaii I'ocka rite to the surface in a Dumber of iletHchct) uniis in Fiaiicr, 
jtailicularly in Biittany, the Cotentii^ the central Moivan, (Vvennes, the 

i’yr»>n('e8, the lUuphiny Alps, and th<‘ VosKes. In Urittany they have hei n can'fnlly 
studied by I>r. Hariois, who desciihes them as largely eonn>o>.ed ol iniefl schists, passing 
often into gneiss and into <piait7iie, ami including chlonte schists, aniphilK'lites, 
talcose .mil seiicitic schists, serpentines, eclogites. and p\ roveinte** * Kvtensive masses 
ot gianitoid and gniniilitic gneisses with mica wliists, amphihoiites and t)tlier crystalline 
locks Iniin the Joiimlation of the great central phileaii of Kiame. Jn Ihitlany, in the 
central plateau, as well as in othei icgiiuisot Franee, thnk niasM s ul slates and jiliyllites 
have likewise lieen assigned to the pie t 'anihnan s*iies. In the (’<ileiiHii the> me le- 
}>re''t nteJ hy tlie ‘‘ l‘li\ Hades de St. li.)" a tlin-k series «»f haid Insiroiis slates or 
pliyllites, uTiiong which some disjuite*! organic remains haie !>een found (pp. i>77. 
liy other geoh)gists, however, the.se pliyllites arc placed in the C’ainhrian^iystcm. They 
arc iiameil hy Frofessor Hairois the “ lirioverian .systi in” (from llriovcra, the niicieiit 
name of St. Lo), w ho sejimates tliem into three senes; 1st, at the Ix.ttoni tin* shale.s, 
ph\ Hites, gie\w;u-kes and cherts of St. Lo and lAtnhalh' ; 2nd, the shales, con- 
glnnieiates and hinestone of (Jonim ; and di<l, tlie gieeii flags of Neant 'I’he haso 
of the whole jci'-ses down iiisensihly into the ••lyKtalliiie schists ladow, and it is possihlu 
tli.it tlie.se sf•)li^ts me leallv nietamorplio.'M'd jiarts of the Hiioverian senes. In the 
ahseiicc of deiei miiiafi' fossils it cannot at present U* dcenleii whether the Ihioveiian 
an* pie-( '.inihi lull oi ('iunhiian. The\ .iie cntainly loiMed iimsmfoinnihly l>y iiri- 
t<esili(eious eoiigloim tales and skates wlmh aie not imptolmbly t'limhnan. * 

A large ana of aiieieiit ervstalline seldsts exleiitls soiilhwanl fioin Dresileii tlinnigli 
ila\ ;ii la and lio li e in la het w ecu th<'\aHe\ ot the Itaniiheaiid tlie headwateis of the 
Kll'c. Two well inaikcd groups have been iMognised 'otred gneiss, i-ontaining pink 
oitlioelasr* and a little white potash mica, eo\<*ieil |i\ h) giey gneiss, eontmniiig white 
or giey f< lsji.sr, and alnnidant daik magn<*sia-ni!e,i Ac-oiiling to (Jnmhel tin- foiiner 
(called h\ him tin liojan gneiss' inav he liand as .» distinct fni nintion assiwialed with 
grmiite, hut with v<iy few ot In r Kinds ot < i \st.iHiiie oi srdiislose rocks, wliiie the latter 
(tejriinl the lleicynian gneissi <oii'-i.t,cif gin>isswiih ahiiinhint inteistmtilieatioiiH of 
many otlier schistose rocks, grapliitn* liniestone, and '•eipcntine Tin Hereynian gneiss 
Is oveilain hy mica sehists, ahoxe wl.nli l•onles avast mass of .iigill.iee<»nH lusts am! 
slialcs. In I'ohemia, thc-.e o\ei lying < lyst.illiiie • lav shies and s, hists Kt ige A " of 
Haiiamle) giadii ite u]t\v,iid into umiouhl* d clasfn loi ks known as the Fi/ihr mi Sidiists, 
iineoiilonnahly o\(‘i' wlindi come eongloniemir s mid Kimlsioiies lying at the h.ase of 
tlie fossilileioiis senes'* The same gradation o.< uis around tin* giaimlite tiact «)f 
Savoiiy, w licie tin* oiilu si hi-fs maybe mercK nietamoi phoscd I’aleo/un- si.i|imenlmy 
rocks • 

111 the or ntial and easti rn I’yreiiei^s som** ja«' < ’.imlo .an cwies c onsisi of hiusm's o| 
granitoid gneiss with vai mils i hloiiti' ami oihcr .s. lusts and :iltei<d limestones p.nt 

’ The scliists ot this region aie disMi"e*i l.\ Moiiret, I'n'U, (•'"! Imit'i, No. 72 

Siti . .y>ri<l. vili. \. xiv. \vi. 

* IsOfl, lt).'>. 

* For ilesenpt lolls of the jire-l ‘amlaian rocks 4.1 S.'vony sec ('rediier, Z //. ^ 1^77, 

]». 7')7 : ' Das Siiclisisehe (iiannlitgetiirgi-,’ lost. ladimmm. eiti-<l l«d(»w ‘ Im hmter. th'ol. 
S|>eel:ilkart," partunlarly sections Geriiigsw.ild*-. tlejor, (ilaiK-liau, llolieust. iii. I’4-mg, 
llochlit/, S4liwarzenlH*rg, Wahlheim, Wies4 ntliHl. Itav.iiia and Kohenna’ (iumlal. 

Geognostische Heschreihung ih‘s ()sti.aye)i»f.hen Gieii/geiingcs,’ Gotha, ,lrik. )\, .ArA/. 

^Vo/. ifetWi.sonvAf//, vi. ]>. 3,'.,'') ; viii. pp. 1, Kalki.wsky, ‘Die ttm-issformation lies 

Kuleiigebirges’ ( hahllitationschritt , l^eipzig. 1S7'' . yrw^Jahih. 18''0 (i.j p. 2‘*. K. Kat/ei, 
‘Geologic von B4>hnien,' IS'.t'i. llaileii; ‘Krl.mtcr. tliol, H|ie4inlkail 

Lehmann, ‘ Eiitstcdiiing iler .aUkr>st.alhm«4 lien .''4 hief# rgesleiiie,' ISKl. 
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the moet extensively developed rocks are various phjllites wbidb here and there have 
assumed a gneissose character from contact metamorphism.^ In Aatorias and Oallicia, 
Barrois has investigated a great series of schists regarded by him as pre-Cambrian, and 
divisible into two important groups— a lower, composed essentially of mica-schists, and 
an vpper, consisting of green chloritous, amphilmlitic, talcose, or micaceous schists, 
with subordinate bands of quartsite, serpentine, and oipollino.* 

Amertoa.— In North America the pre-Cambrian rocks, which cover an area estimated 
at more than 2,000,000 square miles, from the Arctic Ocean southwards to the great 
lakes, have been studied in detail for a longer period than those of any other region, and 
in many respects they may serve as the type with which those of other parts of the globe 
may be compared.’ They were first mapped and described by Logan and Murray in 
Canada, and were divided by these observers into two distinct divisions. The lower 
of these, namMjj^ Laiirentian from its extensive development among the Laurentide 
mountains, was described as consisting chiefly of coarse red, grey, and banded fel- 
spathic, hornbicndio, micaceous, and pyroxenic gneuses with pegmatites, and included 
zones of limestone. The upper group, called Hnronian from its exposuies in the 
Lake Huron district, was recognised as being composed mainly of quartzites, felsites, 
diurites, diabases, syenites, various coarse and lino fragmental volcanic rocks (agglo* 
inerates tiiul tuffs), clay -slates, and other bedded materials that pass into schists. 
Though the Huronisn series was found along the line of junction to dip below the 
Laurontian, this itosition was l)elieved to be due to disturbance, no doubt being 

^ Garrigou, B. S. (J. F. i. (1873), p. 418 ; Caralp, ‘ Etudes Geologiques snr les Hants 
massifs des Pyrenees centrales,' Toulou.se, 1888. 

^ Ann. i<oc. GM. Nord, ii. (1882). 

Out of the large amount of literature which has grown up conceiniug the pre-Cambrian 
itH'ks of North America the following works may l>6 cited: W. E. Logan, 'Geology of 
Canada,’ 1863. Annml Reporta of the Geological Survey of Canada, particularly Mr. 
Lawson’s Hejwrt on Rainy Jjake in the vol. for 1887 ; and papers by Dr. Barlow and by 
F. D. Adams in vol. viii. (1896), in Joum. Genl. i. (1893), p. 325, and in Amer. Journ. Sci. 

I. (1895), p. 58. Gettlogical and Natural History Sim^ey of Minnesota, vol. ii., Geology, 
by N. H. Wincbell and W. Upham, 1888, and Annual Reports since 1887. Geological 
Sitn-ey of Wisconsin, Final Reports, vols. i. ii. iii. iv. by T. C. Chamberlin, R. D. Irving, 
C. E. Wright, E. T. Sweet, T. C. Brooks, Ac. Geological Surrey of Michigan, 1873 (T. 
Brooks), 1881, vol. iv. (C. Uuminger), 1891-92, containing a sketch of the geology of the 
iron, gobl, and copper districts by M. E. Wadsworth. Second Gedogical Survey of 
Penn.sylrania, .summary volume on Archaean Rocks by J. P. Le.sley, 1892. Annual Reports 
of the United States Geological Survey, e.specia11y the 6tli and 7th, containing memeirs by 
R, D. Irving, the 10th containing a joint memoir by K. D. Irving and C. R Van IJise, the 
14th u ith one by Messrs. Walcott and Iddiugs, the 16th and 21st with important essays by Van 
Hise, the 20tb with papei-s by W, H. Weed and Pir«.son ; also Monograph v., on the copper- 
bearing rocks of Ijake Sujierior by R. I). Irving ; xxix. by Emer.sou ; and xxxvi. by Morgan 
Clements and H. L. Smitli ; B. U.S, G. S. No. 23, T. C. Chamberlin and R D. Irvmg; No. 
157 by Hall ; No. 159 by Emerson, R. Pumpelly and C. R. van Hise. Amer. Journ. Sci., 
xliii. (1892), p. 224. A. C. Lawson, Bull. Ged. S>c. Amer. i. (1890), pp. 163. 175 ; Bull. 
Geol. University, California, iii. No. 3, May 1902. A. Wincbell, B. Ged. Soc. Amer. i. p. 357, 
ii. p. 85. N. H. Wincbell. Proc. Amer. Asiwe. xxxiii. (1885) ; .<4»»er. Ged. xv. and xvi. (1895). 

J. D. Whitney and M, E. Wadsworth, “ Tlie Azoic System,” Bull. Mas. Comp. Zod. Harvard, 
1884. C. R. Van Hise, Amer. Jour. Sci xli. (1891), p. 117 ; 16th Ann. Rep. U.S. G. S. 
1896, pp. 573-874 ; 2l8t Do. 1901, pp. 305-484. R Pumpelly and C. R. Van Hise, Am, Jour. 
Sci. xliii. (1892), p. 224. The literature of American pre-Cambrian geology has been e.\- 
haustively collected by C. R Van Hise in B. U.S. G. S. No. 86, 'Corfelation Patters — 
Archteao and Algonkian,' 1892, and in a series of papers in Joum. Geol. vols. i. ii. iii. and 
iv. continued by C. K. Leith in subsequent volumes of the same journal. 
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SaterUincd that Uw fonnar wriea «w tk* yoonget of the two. All theee nob Ut 
beneath the undistnrbed Potadam sandstone of the Cht mbrisn system. 

Since the days of Logan, Murray, and Hunt, the great pioneers of American pre^ 
Cambrian geology, the subject has been attacked by many able observers. The Geological 
Surveys of Canada and the United States, as well as those of sonte of the States of the 
Union, particularly Michigan, Wisconsin, and Minnesota, have examined the rocks over 
many hundreil square miles, and have published voluminous reports concerning them. 
Owing to the great diversity of character which prevails among the oldest crystalline 
rocks of this wide region, and also because many of the diitricts lie far apart and have 
been worke<l out independently, considerable variety of nomenclature and diversity of 
view have arisen. At present it is har<lly poasiblu to reconcile these con dieting opinions, 
though there can be little doubt that before long a general concurrence w ill be arrived 
at regarding the niain features of pre-Cambrian geology in this important region. 
Logan’s original “Laurentian " aeries, often but incorrectly termed the “ Fundamental 
complex,” covers by much the largest area of all the North American pre-Canibrian 
formations, and preaents the greatest |)ersi8teDcc of lithological character. It consists 
of an intricate aggregation of crystalline rocks, which are sometimes acid and niassivc, as 
granite and syenite, but generally show more or less marked foliation, so as to pass into 
coarse or granitoid gneisses or gneisaoid granitesu With these are intimately mixed up 
masses and Itands of diorites and gabbros, which usually have a foliated structviro and pass 
into tnie schists, as well as various schists, the oiigin of which is less certain. There can 
hardly now be any doubt that these various rocks are of igneous origin ; in many caacs 
they can b« seen actually to cut across and send veins into each other. They have 
aubseriuently been affecte<l by intense dynamic action, whereby they have undo gone 
internal rearrangments ; their comi>onent minerals have often Wn cruahed down, they 
have lieen squeezed into each other, crumpled up and compressed, and have nc(|uired 
the general but unequal foliation which now charncteriaea them. Logan thouglit ho 
could recognise an older and coarser 8erip.s, which be ranked as ** I^ower lAaurentian,” and 
o higher scries, com|i 08 ed largely of anorthosites or norites, and including more varied 
and highly foliated gneisses, schists, slates, and limestones, which were regarded as 
“Up|>er Ijaiirentian." It was originally supposed that the whole of the rocks w'ero 
probably of .sedimentary origin, but bad undergone si-vcro metamorphism. 

More recent study of liOgan’s typical district and of other j»arts of Canada has led 
to a considerable modification of the views which he adoptid. The igneous origin of 
the so-called Lower Laurentian gneisses is now generally conceded. The anorthysites 
or norites of tlie up[»er subdivikion have likewise l>ecn shown to lie enormous protiusions 
of eruptive material which have invaded the schistose rocks among which they lie. 
These latter rocks, known a.s the Grenville series of Ontario, include varieties of gneiss and 
other schists which have lieen closely examined by Professor Adams, who has detennined 
by chemical analysis the similarity of their composition to that of altered sediments. 
They are interstratified with quartzites and limestones in such a way as to make theif 
original sedimentary origin highly probable. These various rocks are so intimately 
mingled with tlie erupted gneisses of the so-called “ Fuii<iainontal complex " tliat they 
cannot be separated in mapping. There appears to he reason to regard the Grenvill 
series as a more highly altered condition of the so-called “ Hastings scries, near tbe 
city of Ottawa, which presents many points of litliologicnland stratigraphical reseinblanca 
to the “ Huronian ” rocks, originally mapped by Ix»gan to the north and north-east of 
Lake Huron.^ It thus appears that the Laurentian gneisses, instead of forming 

* F. D. Adams, AVites. Jahrb, Beilage Band viii, (1893) ; Aimt. Joum. Sci. 1. (1895), p 
58; lit (1897), p. 173; Ann. Rrp. dtul. Sm.rv. Canada, Part i. vol. vili. (1898) 
A. P. ColeinaA, “The Huronian Question,” Anter, Gtol, xxix. (1902), p. 325. The an<^^ 
thosites of Lake Superior are discusMid by N. H. Winchell and A. C, Lawson, Bull. Oul, 

Swr. Minnesota, No. 8, 1893. 
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“ fundamental coinjilex on which the oldest sedimentary formations re)>08e, are really in 
];ni t at least yoon^'er than tlieso formations, and have been actually intruded into and 
through I hem. It was proposed by the Ignited States (leolo^ie.il Survey to reserve the 
I in “ Archiean ” f(»r all the essentially i^'neoii.s locks that underlie the ju'e-Camluian 
sedimentary formatioiiH, and to embrace these sedimentary formations uinler the geneial 
deai;,matmn of “ Al^'onkian.” lint wo now know that the “ Arc Invan ” series iiieliides 
various sedimentary inteiealations, and that the “Alponkian" is nrtually jderced by 
portions ol the “ Aielnean " lUtas-ses Some revi.sion of the nomcnelature is thus necessary. 

prc.s.jnt it is not definitely known how much «>f the so-called Ijaurentian or “ funda- 
r ental complex” is older than the lluroni-in nsks. 

In (’anada and the I^ake Superior re^jion of the United States the following groups 
ol pro-' 'ambriau hirmations luiv(3 been recognised in descending order beneath the ohlest 
Cumbrian strata there developed. 

Ke wee 11 a wan (Nipigon of W. Ontario) consists of three in.ain divisions having a united 
thickness which varies up to SfijOUG, or according t(» Irvmg, even to 50,000 feet. 
At the base lies a hancl (if gahliro. Ahove it comes tlu* main group of the formation, 
consisting of a vast succession of hua sfieets which, in then higliei- ]iarts, become more 
interstrati lied witli s-andstoiu's and cougloinerates. 'I'lie third group is composed 
of detrital material derived from the waste of the rocks below.' The Kcw'eenawan 
lies unconformalily on the Auimikie sijries. 

Aniiiiikie (f’eiiokee, Upper Menominee, Upper Marquelle), inaiidy a sedimentary seiies, 
consisting of a lower (piart/ito and an upjier shite formation, with subordinate tieds 
of siderite and ferniginons chert. An important uneonfoimabiliiy at the bas.> of lliih 
series oxiciuls over a wide area and, according to Law'son, marks a vast intei \ al of time, 
separating the liuronian from all later iM‘riods.“ 

Upper liuronian (Upper Keew.atm, bower Menominee, Ivowcr Manpiettc), iiiainlj a 
sedimentary series comprising liiiiestones, qiiaitzites, longlomerates, slates, iyc. 
These strata are pierced by granites or gneisses, and lie nncoiifonnably on the older 
meinhers of the siwies with a eonglonieiate at the base. 

Lower liuronian (Uiwer Keewatiii) e(>m|>os(‘d Largely of green schists with recognisable 
sediments, among which are (piartzites, samlstones. arUoscs, and conglomerates, 
together with limestones ainl shale.s that ]ia.s.s into jihyllites. Laige bodies of vole.anic 
rocks are included, consisting ol greenstones and tnils winch have lieen alteied into 
schists. An uncoil foi inability oeeurs at the base of tln^ senes. 

Uoutchiching, characteristic rather of the west than of tin' east, consists of ipiartz- 
biotite-scliists and tine grey giiei.ssps ot remarkably nmtorin character. In the 
Eastern districts of Canada tlie Hastings and Grenville series above relerred to aie the 
oldest rocks to which a sedimentary origin can be assigned. 'I’hey have been iiixiided 
by portions of the Lnnrentian gneisses, granites, and aiioithosiies. 

Laurentian (“ Knndameiital I'omplex ”). The rocks comprised under this name may 
include the oldest masses of the ciuitinent. 'llu i aie ot eiu]»ti\e eliaiaetcr, and are 
certainly in part younger than the overlying formations Ik'Iow the “ Epaieluean 
inter! al.” 

In the east of the Canadian region a large development of sedimentary de[»osits 
imdcilics the Cambrian formations, and, mainly througli the labours of Mr. 

G. F. Matthew, lias lu'cii made to yield an interesting fauna. These roeks. wliieh have 
been variously considered as pre-Cambrian ainl as Cambri.au, oceiir in Now Hniiiswiek, 
Cape Hreton, and Newfoumlland, In the last-named district the\ have been sub- 
divided by Mr. Walcott as follows 


* C. R. Van Ilise, 7k G. S. No, 86, 1892; ItUh Jw/i. /iV/i. O’, .s’, ispg. 

In illustration of the ditferences of opinion among North A meric, an geologists .rs to tlie correla- 
tion of the pre-Cambri.an rocks ol the continent, see the .series of paf'crs by I’rofessor 
N. H. Wlncliell in jtnicr'. <feol. voU. xv. and .\vi., published in 189,5; X. B. Willmott, 
Juurn, (ico/. X. (1902), p. 67 ; A. C. Lawsoii, Bull. (•<•<»/. I'utr. L'uli/ohiut, iii. No. 3, 
(1902), p. 61. 

® “The Eparcha'an Interval,” in the paper last cited. 
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]lau*lom reddish and grey sandstones, with some sliales and eonglonuTates, 

jterhaps . . . • • . iOOO tett 

Signal Hill red and grey snirdstoneo, with a thiek eortgloiiieiate at the top. ‘{120 
Moiii.i>)le dark hrown or hhu kish slates (St. .lohn'st, «iih »ilwaire 

remains ........ “-'OuO ., 

Torbay green, purple, iimki"!!, «)i ted sUli-. m fivipieiit alternations : lotniN 

sUpfiOsidto be (ililhdiHiii, found towaid' the top of the group . '.‘{('0 ., 

(.'oliceptiou slate-cniiglomerate, shales (ItloO feet ) h mg on dioi lies, quail/ it es. 

and i.'ispery band's and h.ird creeiiish skates (1. {00 teet ) . -dh»0 


IJ, :570 feet 

At the top oj tlie Jiandoiii gionj* lies a tiiin band of emigloineiatie liniest«iiie, nliieli 
is taken by Mi. WaKott iis the base of the ('.iMibiian .system ' 

Far to the west, in the lieart of the loiitinent, pre-Canibrian loek.s extend over a 
wide aiea in Montana (Helt .Mountains), wln-re they Muisist of .shales and limestones, 
with siiine (jii.iit/ite and .sandstone at the b.ise. 'I’liev attain the great tliiekne.ss (if 
12.on() feet, ofwhii'h neaily 7000 feet are eom posed o| shales in live piimipil gioiips, 
with two massive limestones, the hiwm of whieh (Xewlan I Linn simie ■ is ‘Jiioo feet and 
the liiglier ;llelena) 2100 leet thnk. In sh.iles .it a depth «d i < on |eet fioin the top 
of the series four speei( s of aiiin'Iid ti.uls have been buind. with wot in bnirows and 
tbons.inds of ill present'd i nist.n e.oi fiagnnnts tb it ajipear to b<‘eails Itunis (d’ nimosto- 
inata."' Tliese .stiatii aie io\er«il uiieonfoimaliK b\ others of Mid'lie Caniliri.in age. 
Again, in the (iiaml (’aiiNon of the (’<doia<bi, a lemaikable senes of strata, neaily 
I2,0U0 feet tint k. uneonlol Iliably umleilli S .i Middle ('unbliail foriintlon. It ilillei'S 
eon.snb'i abl \ in litlmlogn il ebarai'lei Ipmi that o( Montana, presenting a iiim li less 
devr'lopnn nL (tf limestmie and a great pK'doiniiiaiiee of saiidstoiie.s, ainl iin biding an 
intei st rat ilie'l /one of biisallie la\as. with iiitei«'al,ite(l samlstone.s, HOO Itet in tbiekiiess. 
Traces of orgitiisiiis ba\t‘ Itetm ileteettd in tin* upjH'r (('linail division of ibis senes 
One <•( these, a stioniattipoia-like fbim, was doiibtinlly rt'fi'ired by Dawson to 
;ooa, tlmngli be ihoiigbf it nnglit ind be n-alh oiganie. Some objef ts like diM inoi.l 
shells ba\e In'en di'seitlted undei the name of f'ltH'i’ot ^ 

From beneath the olib'st soiliineiitary loeks. gneisses, and otliei tivstalline masses 
like tlmse of the easteiii States and t'airwla Use to the siiifaee in the inoniitaiii i hams 
throughout the I'oiilineiit. I’le-dambiian s(*dini»iits appeal in the Adirondack lange ^ 

Africa ('i\«talline s<'hists and gni'isses. with gianitesand othei ni,assi\e < i vslalline 
rocks cover a huge pait of this coiitim*iit 'I he\ eonie to the smlae* in mans widi‘ 

distiicts from Egypt to the C.ipe. Fiotii tlo' lirsf catarai t of the .Nib- tin s stiefih 

eastwaids into the Aiabian mountains ami the peiiiiisnla of Sin.ii. 'J'ln v form tin; 
nigged platfoim whieli. stntelniig sonthwaid tiom tin; Xiibi.iii De.seit, has been o\ei- 
llowed bv the lavas of Abyssuiia, and siipjiorls tin' gieat line ol <dd voleatioe'-*, ol wliifli 
Kilimanjaio ami Mount Kein.i ate the ebief. ('ios«.mg (iennin Fast Afiiei and the 
llritish teiritories tbev sweep tbiougb tin- \\es|i-in tr.nts of Mataln'le land, tln' 
rransvaai, and IJeehuanaland to lb*' mntb ol ( ’.ipe ('(»Ion\.‘' Tlmy i.mg'* along the 

’ IVds/zifd/fi'd Axiil. .SC) 1 (I’.KlOi. p. dlt). Thrre Is .-I dilleiciice of Opinion 

between tins geologist ami .Mr W. (i. Matthew as lo flu i bt'-ntn ation of llievi- rot ks. ’Hie 

litter cla.sses as pre-t 'aiiiiirian. under the iimieof “Kti himmian. ' the older sednnentars rocks 
1h;1ow a certain s.-mdstone svlm h. h* thmk", lies at or iieai the hori/on of itfrni'lfifi (Trail'*. 
AV/e Yark Aonl. Sri. xiv. p. I0‘i). .Mr, Walcott, on the other hand, carrn's the (’ambriiin 
down to the lop of the Kamlom grouj*. ami regards the “Etchmniiian ternme” a-' Lower 
Cambiian. The Kiehmnman fossils are noticed jr>os/e/», p. bdl. 

* C. 1). Walcott, JM/. daJ. S-r. A,„n. \. (1899). pp. 201, 

’ C. I). Walc ott, vp. rit. pp. 215. 2.‘{2. 

* J. F. Kemp. Proc. Ainrr. A<i8i>r. \hx (1900). Address to f;er, logical Sr-idion. 

* E. Cohen, Xevfs JnhrK 1874 : A. Sehenek, Prtfrnuuiv Mitfhrif. xwiv. (1888). l», 225 ; 
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west eoast st a greater or less distance from the sea, monnling inland into the great 
central plateau. Some i>ortions of them have been described in detail as developed in 
the Congo basin.^ They rise in isolated tracts of thelSahara and appear again in the 
core of the Atlas mountains. 

India.— In India, the oldest known rocks sre gneisses which underlie the most 
ancient Palseozoic formations, and appear to belong to two periods. The older or 
Bundelkund gneiss is covered unconformably by certain “ transition " or submeta- 
morphic “ rocks, which, as they approach the younger gneiss, become altered and inter- 
sect^ by granitic intrusions. The younger or {)eninsular gneiss is therefore believed to be 
a metamorphic series unconformable to the older gneiss. In the western Himalayan chain 
there are likewise two gneisses— -a central gneiss, probably Archsean, and an upper gneiss 
formed by the metamorphism of older Palwozoic rocks into which it passes, and which lie 
unconformably on the older gneiss and contain abundant fragments derived from it^ 

China.— Pre-Cambrian rocks are extensively developed in Northern China, forming 
the fundamental masses round and over which the later rooks have been laid down. 
According to Kii'hthofen, the oldest portions of the series are mica-gneisses and gneiss- 
granites with hornblende-schists, mica-schists, Ac., having an N.N.W. strike and steep 
inclination. Apparently of later date are some chlorite-gneisses and hoitnblende-gneisses 
with intercalations of mica-gneiss and granulite, but without gneiss-granite, seen in 
north Tahili and north Shansi, and marked by a persistent W.S.W. and E.N.E. strike. 
These rocks are succeeded unconformably by a great series of groups which may belong 
to distinct periods. They consist of mica-schists, crystalline limestones, black quartz- 
ites, hornblende-schists, coarse conglomerates, and green schists. With some of these 
groiijMi are associated granite, pegmatite, syenite, and diorite. The whole series under- 
went great plication and denudation l>efore the deposition of the older Palwozoic forma- 
tions (Siniaian).^ 

Japiii.— -The Abukuma plateau of Japan presents a copious development of amphi- 
bole- and biotitu-graiiites, both massive and schistose, gneiss-mica-schist, biotite-schists 
with gamut or hornblende, titanite-ampbibole-scbists, quartz-achists, ampbibole-picrite 
and other crystalline masses, which have lieen fully described by Professor Koto.^ 

AuatralaiU.— In New Zealand crystalline schists cover an area of 8000 square miles. 
In the South Island the most ancient Palaeozoic rocks are uudorlain by vast masses of 
crystalline foliated rooks traceable nearly continuously on the west side of the main 
watershed. The geological relations of these masses have not yet been satisfactorily 
defined, and it does not appear to Ikj established whether ajiy portions of them are 
undoubtedly pre -Cambrian. They are divided by Sir J. Hector into two series, of 
which the lower consists of gneiss, granite, Ac., with an overlying mass of hornblendic, 
inicncuuus, and tirgillaceous schists (probably nietainur})hoscd Devonian) ; while the 
upper consists of argillaceous slates and Bchists, which are regarded as probably altered 
Silurian or even Carboniferous rocks. In Canterbury there is a central zone of 
micaceous, talcoso, and graphitic schists, overlain by chlorite and horiiblende-schists, 
and lastly by a quartzitic zone interleaved with schists.® Cry.stalline .schists and 
gneisses form tlie rugged mountainous ground of south-western Otago. The centre of 


W. (Jribson, Q. J. 0. S, xlviii. (1892), p. 420 ; Tram, Fed. Inst. Min. Engm. 1896. F. H. 
Hatch, Q. J, G. S. liv. (1898), p. 73. 

* J. Cornet, Jnn. Soc. Belg. Ghl. xxiv, (1897), p. 25 ; Bull. Soe. Beige GM. xi. (1899), 

p, 811. 

^ Medlieott aud Blanford, * Manual of Geology of India,’ pp. xviii, xxvi, and Oldham in 
2nd edit, of s^me work, chap. ii. 

* Richthofen, ‘China,’ ii. 1882. 

* Journ. Coll. Bci. Imp, Univ, Tokyo, v. (1893), Part iii. 

® ‘Handbook oINew Zealand, ’ by J. Hector, M.D., Wellington, 1883. 

* Haaat's ‘Geology of Canterbury,’ p. 252. 



this province is occupied ty a broad band of gently inoUned mica-schists and slates. 
These rocks are tbe main gold-bearing series of Otago.' aaa 

Rocks assigned to an Arcbican age are believed to cover an area of perhaps 20,000 
square miles in Australia. They consist of gneiss, mica-schist, chlorite, or talc-schists, 
hornblende-schists, quarUites, conglomerates, micaceous red mudstones, marble limestone, 
hieraatite, ilmenite, and graphite. They have not been definitely recognised in Victoria, 
New South Wales, Queensland, and the northern territory of South Australia, though 
some of the crystalline schists known in these regions may ultimately be referable to 
this part of the Geological Record. In South Australia they are develo|)cd on a lar|fe 
scale near Adelaide, aSd in the Mount Lofty range. At Ardrossan they are uncon- 
formably overlain by the Lower Cambrian Limestone. Archsean rocks appear in the 
Mnsgrave and Macdonnell ranges and in the Kimberley district of West Australia.’ 
In Tasmania rocks assigned to the Archoean series cover large tracts on the west side 
of the island, and occur less abundantly in the north and east. They consist of gneiss, 
quartz-schists, mica-schists, talc-schists, chlorite-schists, siliceous conglomerates and 
breccias, with frequent subordinate bands of limestone, dolomite, .ser[>entine, luematite, 
magnetite, and other minerals.^ 


Part II. PalA'OZoi(\ 

It has l)cen shown in the foregoing |>age8 that though the stratified 
pre-Cambrian rocks are generally separated by an unconfonnability from 
formations of later age, such a break does not always occur, and that 
in its absence, no sharp line of division can be drawn by way of upward 
limit to the pre-Cambrian series. It is obvious that the physical con- 
ditions of sedimentation underwent no universal interruption at the 
close of pre-Cambrian time, but that these conditions, having already 
been established long before the Cambrian period, were continued in 
some regions into that period without a break. Moreover, it has now 
been ascertained beyond doubt that plant and animal life had already 
ap{)earod upon the earth during pre-Cambrian time. Hence the term 
Palaeozoic, or Primary, which has hitherto been used to denote the 
older fossiliferous systems that terminate downward at the base of the 
Cambrian rocks is no longer strictly accurate, unless it is extended so as 
to include the very oldest strata in which organic remains have been 
found. Geologists have agreed to fix the base of the (’ambrian systt^m 
at tbe Oktiellus-zonej already referred to. It is quite evident, however, 
that at any moment a new series of fo.ssils may l>e discovered l>elow that 
horizon, and it will then be matter for consideration w hethei’ such a series 
should be included in the Cambrian fauna or l>e made the j>aleeontological 
basis for the designation of a still older geological system. In the present 
meagre state of our knowledge regarding these ancient rocks, it seems the 
most prudent course to take in the meantime the platform of the OltfufUm- 
zone, which has now been recognised in many parts of the globe, as the 
Cambrian basement, and to fix there provisionally the downward limit of 

* Hutton’s 'Geology of Otago,’ p. 31. 

’ Professor Edgeworth David, Presidential Address, Pror. Linn. .Soc. N. S. Waffn, viii. 
(1894), p. fi48. ' For the notices of Australian geology on this and subsequent pages I ani 
much indebted to the lucid summary presented in this Address. 

’ R. M, Johnston, 'Geology of Tasmania,’ 1888, p. 16. 
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the Palaeozoic series of systems. That series will thus include all the 
older sedimentaiy ff)rmatioiTs from the bottom of the Cambrian to the 
toy) of the Periniuri systmii. The strata embraced under the comprehen- 
sive designation of PaUeozoic consist mainly of sandy and muddy 8e<liments 
with occasional intercalated zones or thick masses of limestone. They 
bear witness for the most part to comparatively shallow water and the 
ynoximity of land. Their frcfjuent alternations of sandstone, shale, con- 
glomerate, and other detriul materials, their abundant rippled and sun- 
crjickcd surfa(;cs, marked often with burrows and trails of worms, as well 
as the j)re valent character of their organic remains, show that they must 
generally have l)een deposited in areas of slow subsidence, bordering 
continenUil or insular masses of land. Their limestones and cherts may 
})oint to accumulation in deey)er and clearer water. From the character 
of the orgajiisms |)re.served in them, the Paheozoie rocks, as far as the 
yM*(!S(‘nt (‘vidcnce goes, may be grouy)e<l into two main <livisions — an older 
and a newer: the former, or Silurian facies (from the base of the 
Cambrian to the top of the Sjlurian .sy.stem), <listinguished more especially 
by the abundance of its gra[)tolitic, trilo))itic, and biachiopodous fauna, 
and by the alwence of vertebrate remains, save from the upyxM’inost 
formations; the latt(‘r, or (carboniferous facies (from the top of the 
Silurian to the top of the Permian system), marked by the number and 
vari(',ty of its lishos and amphibians, the .absence of graptolitrs, the 
decreasing number of trilobites, ami the increasing abundance of its 
crvy)togamic terrestri.al Honi. 

Section 1. Cambrian. 

§ 1. (lencral Characters. 

in those regions of the world where the relations of the y>re Cambrian 
to the oldest unmotamorphosed Paheozoie rocks are most eleai ly e.xyxised 
and have been most carefully studied, it is seldom that any conformable 
])assage can be. trace<l between these two great rock-groups, though, as 
already stilted, occiisiomil examjdes of such a gradation occur. More 
usually a marked unconfornuibility and strong lithological contrast have 
been observe<l between the two series, the younger frequently abounding 
in j^ebbles dei'ived from (he Wiiste of the older. Such ji break yroints to 
the lapse of ii vast interval of time tluring which the pre-Cambrian rocks, 
after sulVering much crumytling and metamorj)hism, were ridged up into 
kind iind were then hiid oyren to j)rolongcd denudation. These clninges 
seem to Inive been more esj)cci}illy prevalent in the northern part of the 
northern hemisphere. At all events, there is evidence of extensive up- 
heaval of liind in the north-west of Kuroj)e and across the northern tracts 
of North America and Northern China ^ prior to the deposit of the earliest 

* The va.'jt erosion of the \)re*Pttlneo?.oio Jaiul is nowhere more impressively shown than in 
Northern (Miina, where, a.H lliehthofen has pointetl out, the oldest gneisseJi are sunnonnted 
l>y thousands of feet of .sedimentary material (Sinisian fornmtion), in the upiiermost parts of 
whioh Primonlial fossils are found. ‘China,’ vol. ii. 
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reniaining portions of the Palaeozoic formations. These strata, inileeil, 
were derived from the degradation of that northern land, the extent anil 
height of which may be in some measure realise<l from tlie enormous 
piles of sedimentary rock which have been formed out of its waste. To 
this dav, much of the land in the boreal tracts of the northern hemisphere 
still consists of pre-Cambrian gneiss. We cannot aliirm that the primeval 
northern land was lofty; but, if it was not, it must have heeri snhjeeied 
to rei^eated renewals of elevation, to compensate for the loss of height 
which it suflered in the denudation that provided material f»»r the deej> 
masses of Palajozoic sedimentary rock. 

The earliest connected suite of deposits in the 1‘aheozoie series le- 
ceived the name “ Cambrian” from Sedgwick, who vith great skill nn- 
ra veiled the stratigraphy of the most ancient s»-dimentaiy rocks of North 
Wales (Camhria). When the peculiar brachiopodous and tiilolnlic fauna 
of Murchison’s Silurian .sv^stem was found U) des«-end into these rocks, the 
term Primordial Zone or Primordial Silurian was applied !»> them by 
Jkirrande in Bohemia. For man\ yeai.s, however, they yielded so few 
fossils that their place as a distinct section of the geological record was 
dis[)Uted. Eventually by the labours of Jkirrande in Bohi'iiiia : Hicks 
in South Wales ; Bnigger, Linnar^son, and others in Scandinavia ; Schmidt 
in the Baltic provinces of Russia; Billings, Matthew, Walcott, and others 
in (\anada and the United State.s, as well as various workers in other 
countries — such a distinctive fauna has been brought to light as serves to 
characterise a .scries of deposits at the ba.se of the Pfda‘ozoic formations. 
This assemblage of fo.ssils, Barraiide’s fir.st or Primordial fauna, is now by 
common consent more commonly known a.s Carnhrian. 1 he use of the 
terms Cambrian and Silurian will he more fully referred to in later 
pages. 

Rocks.— The rocks of the Cambrian .sy.stem [iresent considerable 
uniformity of lithological character over the glohe. Ihey consist of grey 
and reddish grits or greywackes, <juartzitcs, and congh)ine,ratcs, with 
shale.s, slates, phyllites, or schists, and .sometimes thick masses of lime- 
stone. Their false-bedding, ripplc-mark.s, and sun cracks indicate deposit 
in shallow water and occasional ex})Osure of littoral .surfaces to tlcsiecaiion. 
The limestones and cherts arc doubtless the memorials of deeper seas wliere 
mechanical sediments ceased to be depositeil. Nixlules and layers of 
phosphate of lime are found among the shales and limestones both in 
Europe and in North America.* Sir A. ('. Ibimsay suggested that the iion- 
fossilifcrous red strata may have been laid down in inlaml basins, 
and ho speculated upon the probability even of glacial action in C ambrian 
time in Britain.’^ As might be expected from their high antiquity, and 
coirsequent exposure to the terrestrial changes of a long successioji of 
geological periods, Cambrian rocks are usually much disturbed, i hey 

1 See pajien. by H. Hedstrum, Gtof. Fomi. StMnl.n, (1897), pi'. r>C0.G20, and 
autlioritie.H there cite«l ; also J. (’». Aiidensson, Ihill. Oevl. Jnsl. ii. J’art n (1895), 

and Ucol. Foren. Stockiiolm. xix. p. 245. 

^ t). J. (/. a. xxvii. (1871), p. 250 ; /V.<r. Ktni. S»k\ xxiii. (1871), p. 1134 ; Brit. Assoc. 
1880, Presideiitial Address. 
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have often been thrown into plications, dislocated, placed on end, cleaved 
and metamorphosed. In some regions they contain clear evidence oi 
contemporaneous volcanic action. Thus in Wales they include towards 
^ their base an interesting group of felsitic and diabase-tuffs, and olivine- 
diabase lavas, through which eruptive acid rocks (granite, quartz-felsite, 
<fec.) have risen. 

Lifk. — M uch interest necessarily attaches to Cambrian fossils, for 
excepting the few and obscure organic remains obtained from pre- 
Cambrian strata, they are the oldest assemblage of organisms yet known. 
They form no doubt only a meagi’e representation of the fauna of which 
they were once a living part. One of the first reflections which they sug- 
gest is that they present far too varied and highly organised a suite of 
organisms to allow us for a moment to suppose that they indicate the 
first fauna of our earth’s surface. Unquestionably they must have had 
a long series of ancestors, though of these still earlier forms such slight 
traces have yet been recovered.^ Thus, at the very outset of his study 
of stratigraphical geology, the observer is confronted with a proof of 
the imperfection of the geological record. When he begins the ex- 
amination of the Cambrian fauna, so far as it has been preserved, 
he at once encounters further evidence of imperfection. Whole tribes 
of animals, which almost certainly were represented in Cambrian 
seas, have entirely disappeared, while those of which remains have 
been preserved belong to different and widely separated divisions of 
invertebrate life. 

The prevailing absence of limestones ftora the Cambrian deposits of 
Western EurojK), except in N.W. Scotland, is accompanied by a scarcity of 
the foraminifera, corals, and other calcareous organisms which abound 
in the limestones of the next great geological series.’^ The character 
of the general sjindy and muddy sediment must have determined the 
distribution of life on the floor of the Cambrian sea in that region, and doubt- 
less has also affected the extent of the final preservation of the organisms 
actually entombed. In North America, on the other hand, where thick 
sheets of Cambrian limestone occur, the conditions of sedimentation have 
been far more favourable for the preservation of organic forms ; hence the 
, known Cambrian fauna of this region exceeds in numerical value that of 
Europe. 

The plants of the Cambrian period have been scarcely at all preserved. 
No vestige of any land plant of this age has yet been detected. That 
the sea then possessed its sea weeds, can hardly be doubted, and various 
fucoid-like markings on slates and sandstones {e.g. the so-called fucoids 
of the “ fucoid-beds ” of N.W. Scotland, and of the “ fucoidal sandstone ” 
of Scandinavia) have been referred to the vegetable kingdom. The 

^ Richthofen baa suggested that in China possibly some of the deep parts of his **Sinisian " 
formation (which in its higher parts yields Primordial fossils) may yet reveal traces of still 
older faunas. 

* In the Baltic basin some bamls of limestone occur in the comparatively thin series of 
Cambrian strata. In Scotland the Cambrian system includes some 1500 feet of dolomite and 
limestone. 
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’lenn* Eephj/km^ from Sweden, Phycodts from tho “ Phvci,i.li.nrhi«fir " of 
the Fichtelgebirge and other forms from the Fotsdam sandstone of Nf^rth 
America, have been described as 
plants. There seems to be little 
doubt, however, that of these various 
markings some are tracks, probaldy 
of worms, others are worm -casts, 
while some are merely imitative 
wrinkles and markings of inorganic 
origin.^ It is not certain that any 
of them are truly plants. Some 
branched filamentous forms found in 
the Cambrian limestone of Sardinia 
have been described as confervoid 
algfib.® What has been regarded as 
an undoubted organism occurs in 
abundance in the Cumbrian rocks of 
the south-east of Ireland, and is named 
Oldhamia (Fig. 37 4). For many years 
it was considered to be a scrtularian 
zoophyte, subsequently it was referred 
to the calcareous algae ; but its true 
grade seems still uncertain.'* 

Among the animal organisms of 
the Cambrian rocks some olithe 
simplest forms yet detected arc 
radiolaria (Sphaeroidea). Lithistid 
sponges are present in Archatmeyphia and Nipterdla , and hcxactinellids in 
Frotospongia ^ (Fig. 374). No calcareous forms are yet known in this 
ancient formation. Tho hydrozoa appear chiefly in the earliest forms of the 
tribe of graptolites which played such an important |)art in Silurian (ime. 
Dictyograptus (Dictyon^uui) is one of the m(»st characteristic fossils of the 
primordial zone of Scandinavia. It is fmmd also in Central Europe, Britain 
and North America^ The St. .lohn group of New Brunswick, which 
is referred to the upper part of the Cambrian system, likewise contains 
representatives of the Dichograptidaj and Callograptidii*. (’asts regarded 
as those left by medusa? on the soft mml by the sea-shore were noticed 

* See G. J. Hiade, (Jeol. Jia/j. 18St5, p. U37 ; th** “fucuulu” of llie “ fiiroid-lxMlu ” of 
N.W. Scotland are undoubtedly worm -casts. 

® See A. G. Nathorst’s essay, “Nouvelles oliservations sur des traces d’Aniruaux, Ac." 
4to, Stockholm, 1886. See note, poslM, p. 936. 

* J. G. Bomemann, JVVr. Act. Acad. Vas. Car. Ivj. 1891. 

^ Its claim to be considered organic has even been disputed, but from the inanner in 
which it occurs on successive thin lamios* of deposit I cannot doubt that it is really of 
organic origin. The latest discussion of the subject by Professor Sollaa will be found in 
Q. J. O. S. Ivi. (1900), p. 273. He has no doubt of its organic origin, but cannot definitely 
say whether it was a plant or an animal. 

* For a description of the character of this earliest sponge, see Hollas, J. (/, H. xxxvi. 
(1880). p. 862. 
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liy Dr. Niithorat in 1881 »b occnrring in the Lower Cambrian rocks of 
Scandinavia. Since that time Mr. Walcott has brought to light a 
remarkable 8erie.s of well-preserved casts in the Middle Cambrian forma- 
tions of Alabama. Those in the lower subdivision are referred to two 
genera, Mfdmiinn and Dadylu'ulites^ and those in the middle group to 
lAwiini and limihdla. The forms of these perishable organisms have 
been singularly well preserved in the fine sediment, and a series of casts 
of modern Metliisai in plaster of Paris has illustrated in a striking manner 



Fig. h 73. — (.Jroui* of Guinbiinii TiilobiD's * 

1, Olfiuis iiniNii, Siill. (I'ulargi'd) ; -J, earadoxiile'i OaMilis, 3, Cuiioi-oiyiilif' (') Willuimsoni, 

Ui'lt, ; 4, Kllnwoi'«'i»liiilu.s Hots, SoliluWi. ; .VgnoMtu.'* tiiSfctus'' Sail ((>tvliirguil) . tl, MicroilisciiH 
Hculiilns, llicks (filial ged); 7, Agiiostiis llarlowii, Ilelt. (fiiliirgfil) ; b, Knnitys teiiiiloDa, Salt; 

riuloimii's Sfilgwifkii, Ilu-ks ; 10, AgnoKtus cumbn'iimii, Hicks (and enlaigtsl) ; 11, Dikelo- 
ci'liliatiia ffiticiis, Salt. 


the process of fossilisation.*^ The Actinozoa of the Cambrian period occur 
in a number of early types of corals which include the family of 
Archieocyathidie {Archtvocyatkiuiy^ Etlmaphyllumy SpiiocyathuSy Frotophiretniy 
&c.). The fxjhinodermata are represented by crinoids (Dendrocrinus 'i), 
cystideans (Frotoeptites or FrotoeptiSy Fig 37 4, Eocystites or Eocysti^ Macro- 
cystella, LkJmoidcsj Trochocystitesy and other doubtful genera) and star-fishes 
{Falmstmiuiy Fig. 375). The crinoids reached their culmination in a 

^ Wberti uot otherwise stated the Hgrires are of the untural size. 

Walcott, Alon. U.S. a, S. No. xxx. (1898). 

» Hinde, Q. J. (/. A xlv. (1889), p. 125. 
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variety of forms during Palaeozoic time. Though still enormously abun- 
dant in individuals on some parts of the present sca-iloor, they are but 
poorly represented there com|)ared with the profusion of their genera and 
species in the earlier periods of the earth s history. Palaeozoic crinoids 
were distinguished by the vaidtcd arrangement of accurately fitting 
plates, by which their viscera were completely enclosed, after the manner 
of the sea-urchins. The extinct class of cystidoans, so named from the 
bag-like form in which the polygonal plates enclosing them are arranged, 
appear first in C’ambrian strata and reach thfeir highest development ii» 



h 37 1.- -Group of ('Hmliriati 1 os'-iN. 

1, An-iiicolit*'H (An'mcola) iJi<l\nni». Sull, , 2, r-»rlK*(i . 'C II>oIiUi>‘m fomiKatUH, H%lt 

4, rrut<j<) {rrllUK•J!stl^) riu'ticvi-tisiH. JlirkB (jj. A'Mi-iitimtR, Malt. (aii<l »*n- 

I), f., pilHjluh, Hickh<.tU'l , 7, Oln^lrlla tii!U'Ii1.iLii, Hick'. 

the lower half of the Silurian system, above which they rapidly 
(limiriish, until they diwippcar in the Carhonifcious formations. 

That Annelids existed during the Cainhrian pciiod is shown hy their 
frcjpient trails and burr(»w8 iJrfnicolitrs nr Jmiindn^ Fig. .'174, Cn/.-iiana^ 
ScoHthns, Planol'tU’s, &c.), and also |K)Hsihly by the microscopic objects (cono- 
donts)' described hy Pander .froni the ('anibiiati Blue ('lay of Northern 
Kitssia, and Iwlieved by him to he fish-teeth, hut regarded by ZitteUand 
others a.s more prolxibly those of free-swimming wornis. llut the mc«t 
abundantly preserved forms of life are (’rustficea, chiefly belonging to the 
extinct order of Trilobites (Figs. 372, 373). It is a suggestive fact that 
these organisms appear even here, as it were, on the very threshold of 
authentic biological history, to have reached theii full structural develop- 
VOL. II V 
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ment. Some of them, indeed, wen of dimendom 
equalled, and already presehted great variety of fom. I&dlvMtuds Of 
the species Paradoxides Davidis are sometimes nearly two feet long.* But 
with these giants were mingled other types of diminutive size. It is 
noteworthy also, as Dr. Hicks has pointed out, that while the trilobites 
had attained their maximum size at this early period, they were 
represented by genera indicative of almost every stage of development, 


I 



Fig. 875.— Group of Cam brian Fossils. 

1, OrthooerMT leiicsxun, Salt. ; 2, Paleasterina ramscyensis, Hicks; 3, Lingulella Davisli, McCoy; 
4. OoniUarta HomOayi, Salt. ; 5, Ortlils Carausil, Salt ; 6, Belleropbon aifronensis. Salt. ; 7,Palcarca 
Hopklnaont, Hicks ; 8, Hymenocaris vemiicauda, Salt, (and enlarged) ; 9, C^nodonta cambrensis, 
Hioki (enlarged). 

“ from the little Agnosius with two rings in the thorax, and Microdiscus 
with four, 'to Brinnys with twenty-four.” Conocoryphe, AgnostuSy OleneUuSy 
Paradoxides, Olenus, and many other Cambrian trilobites appear to be 
without eyes.^ In other genera {Arionellus [AgratUos], EUipsocephaluSy 
^ The recent reeearohea of Lindah^m on the vienal organa of trilobitea {K, Svetuk. Kef. 
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ise») thftt eyes are ao imperfectly shown that they were long uni'ecogiiieed 
With these forms were associated others having large eyes.^ In the lower 
portions of the system the genera Olenellm (Fig. 372), Olewlloides, and 
Holmia are specially distinctive. Other chiiracteristic Cambrian genera 
(Fig. 373) besides those already mentioned are PluionuleSf Anomomre-y 
PtychopariUj Solejtopleuruj Dikeloctphalu,% Olenus^ ParaMiiutf Prltnm^ 
Ewrycahy Spharophihulmus^ Olenoides, Liostracus, and An(ypulenus, I’liyllo- 
carid crustaceans likewise occur {Ily-tnenoaim, Fig. 375, JAiujalocnm), 
and there are representatives of the ostracods {Prhuitia, Eniomidella). 

In striking contrast to the thoroughly Paheozoic and long extinct 
order of trilobites, the Brachiopods appear in numerous genera of the 
simple nomarticulated forms which are still familiar in the living world. 
Of the four orders into which they are divided, the first (Atremata) is well 
represented by Iphidea (Paterim), OboluSy Oholella (Fig. 374), Phhwbolufiy 
JAatjulella (Fig. 375), *and Ling^alepis. The Meotremata muster largely in 
the genera Acrotretay Acrotlieky Linnarssoniay Disdnopsis, TmnuioboluSy and 
Disdnolepis. The articulate orders were likewise represented : the Pro- 
tremata by Kutorgiiuiy Jiilliiigsellay LeptelUiy Orthu ; the Tolotremata by 
primitive forms of PJujiickonelh. 

True mollusks were likewise present in the Cambrian seas, though 
their remains have only l)ecn sparingly preserved. The Lamellibranchs 
or pelecypocls (Fig. 375) appear to be represented by Modioloides and 
other genera, perhaps also by Fordilla-, which if not a crustacean like 
Estheriit is the oldest known bivalve. The Gasteropoda have been 
more abundantly preserved. They include the archaic Scenella (the 
earliest limpets), Stenothecay Pbityceras, Mhapkistorruiy Pleurotomaruiy OphiletOy 
Machreay TrochonenWy and SvimlUes. The Pteropods may be repre- 
sented by species of Tarellelhy IlyolithelluSy SalterelUiy ColeoluSy ColeoloideSy 
and Hyolithes (Fig. 374). Two genera of nautiloid Cephalopoda, Ortho- 
ceras (Fig. 375) and CyrtoceraSyh&ye been described from Upper Cambrian 
(Tremadoc) strata, but doubt has been c^ist upon some alleged Cambrian 
forms. 

Taking palaeontological characters as a guide in classification, and 
especially the distribution of the trilobites, geologists have grouped the 
Cambrian rocks in three divisions — the lower or Olenellus group, the 
middle or Paradoxidian, and the upper or Olenidian. 


§ 2. Local Development. 

Britain.^ — The area of Britain in which the fullest development of the oldest known 
Palaeozoic rocks has yet been found is the principality of Wales, The rocks are there 

Akad. xxziv. 1901) indicate that the eye-like ridge which occurs in many genera was not a 
true eye. 

* Q, J. (i. S. xxviii. p. 174. 

* ^ Sedgwick's Memoirs in Q. J. 0, S. vols. i. ii. iv. viii., and his 'Synopsis of the 
Classifleatiou of the British Paleozoic Rocks,’ 4to, 1855 ; Murchison’s ‘ Silurian System ’ and 
' SUuria ’ ; Salter’s ' Cat of Cambrian and Silurian Fossils,’ with preface by Sedgwick, 1 878 , 
Ramsay’s 'North Wales,’ Qeologieal Swrvty Mmoirt, voL iii» ; and papen by Salter, 
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of great thickness (12,000 feet or more), they have yielded a fauna which, though 
somewhat scanty, is siiflicieiit for purposes of stratigiuphical correlation, and they 
jyosaesa additional importance from the fact that they were the first strata of such 
antiquity to be worked out' stmtigrapliically and paheontologicallj. As already stated, 
they were called Cambrian by Sedgwick, from their c\leiKMive development in Nortli 
Wales (Cambria), where he originally studied them. Tiieir true ba.se is nowhere seen. 
Professor Hughes, Dr. Hick.s, Professor Honney ami others believe that a conglomerate 
and grit generally mark the ba.so of the Cambrian .serie.s, ‘ Aeeoi'ding to Sir A. C. 
Ramsay, on the other haml, the base of the Cambiian series is either concealed by over- 
lying formations or by the inctamorphiHui which, in his opinion, has converted portion.s 
of the Ciimlirian series into \arioiis cryKtalline rocks. Both in Petnbrokeshire ami 
CarnarvOn.shire the lowest visible slate.s, shales, and sandstones are intercalated with 
and jiiiss down into a volcanic .series (feLsites, diabase.s, and tulfs), the l)ase of which has 
not been found In certain localities, as in Anglesey, Cambrian strata are .seen to lie un- 
eonfonnably on pre-Cambrian .schisLs, ami there not only the l»asernpnt volcanic group but 
some of the lowest members of tlie fossihferous series aie wanting. There is then not 
only an unoonforrnable junction, but an overlap. 

Starting from the volcanic gioiip at the base, the geologist can triu’e an njiwaul 
Bucccs-sion through thousamls of feet of grits ami slates into the Silurian .system, 
Considerable diver.sity of opinion has existed as to the line whcie the upper limit of the 
Cambrian division should be drawn. Murcliison eontemled that this lino should be 
placed below strata where a triloliitic and bracbiopodoiis fauna begins, and that these 
strata cannot ho se|iaiated from the oveilying Silurian .system He theiofore included 
us Cambrian only Hie barren grits and slates of Harlech, Idaiibcris, and the Longinyml. 
Sedgwick, on the other hand, insisted on eai lying the line iqi to the ba.se of the Upper 
Silurian lock.s. He thus left tlie.se rock.s as alone constituting tlie Silurian system, and 
mashCil all the Lower Silurian rocks in his (’anibiiaii .system. Miiichisoii workeil out 
the stratigraphical order of .sucee.ssion from above, chielly by help of oruaiiic lemains. 
He advanced from wln'ro the .snpcrpo.sitioii of the rocks is clear and umloubtod, and for 
the first time in the history of geology, ascertained that the “ Transition-rocks’’ of the 
older geologists could be arranged into zones by means of cliar.icteristic fo.ssils, as sati.s- 
factorily as the Secondary foriiiations hud been elas.silied in a .similar manner by William 
Smith. Year by year, as he found liis Silurian types ot life deseeml farther and 
farther into loivor deposits*, he pushed backward the limits of his Silurian system. In 
this ho was supported liy the general consent of geologists ami jial.eontologists all over 
the world. Sedgwick, on the other hand, attui-ked the })robloni rather from the side 
of stratigraphy and geological structure. Though he had collected fossil.s from many of 
the rocks of which ho had made out the true order of succession in North AV’ales, lie 
allowed them to lie for years uue.\amined. Meanwhile Murchison had .studied the pro- 
longations of some of the same rocks into South Wales, and had obtained from them the 
copious suite of orgaiiii* remains whh’h characterised Ids Lo\v«;r Silurian formations. 
Similar fossils were found abundantly uii the continent of Europe .ami in America. 
Naturally the classification proposed by Murchison was generally adoj)ted. As he 
included in Ids Silurian system the oldest rocks then known to contain a distinctive 
fttuiin of trilobites and bracldopods, the earliest fossiliferons rocks were everywhere 
classed as Silurian. The name Cambrian was regarded by geologists of other countries 

Harkiiess, Hicks, Hughes, liapworth, Groom, ami others in the (/ J. (/. S. and Ued. May.y 
to some of which refetence is made below. J. E. Mart, in his * Clas-siticaliou of the Cambrian 
and Silurian Rocks,’ gives a bibliography of the subject up to 1883. The geographical 
extension and development of the Caiubriau system over the Old ami New Worlds ,i.s discussed 
by F. Frecb, Compt. rend. Conyris QM. Jnternat. St. Petersbourg (1899), p. 127.' 

1 Q. J. 0. S. xxxiv. p. 144 ; xl. (1884), p. 187. For references to the literature of tho 
subject see the same Journal, xlvii. (1891), Ann. Address, p. 90 seq. 
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M the designation of a British series of more ancient deposits not charatterised by 
pecnliar organic remains, and therefore not capable of being elsewhere satisfactorily 
recognised. As above stated, Barrando, investigating the most ancient fossiliferoua 
rocks of Bohemia, distinguished by the name of the “ Brimordial Zone" a group of 
strata forming the lowest member of the Siluriiin system, and containing a pculiar 
and characteristic suite of trilobites. Mrirchison adopted the tenn, grouping under it 
the low’cst ilark slates which in Wales and the border English counties contained some 
of the same early forms of life 

Siilisenuent invest ig.itions, l)v the late Mr. Salter and Dr. Hicks, brought to light, 
from tlie Prirnoidiul rocks of Wales, a much more numeious fauna tlian they were 
sup[»oscd to possess, and one in .some degree distim-t from that in the undoubted Lower 
Silurian rocks. Thus the i[uestion of the [iroper base of tin* Silurian .system was ro* 
opened, and much controversy arose as to the i-espective limits and relative stratigraphical 
value of the formations to he inoliulcd under the designations Cainhrinn and Silurian. 
No such marked break, either ]>alii>omological or stratigraphical, had Ih'cii found a.s to 
alTord a clear line of division between two distinct stems." Those who followed 
Murchison contended that even if the line of division were drawn at the upjier limits 
reached by the jiriruordial faiitua, the Cambrian could not be considered to be a system 
as well defined and important as the Silurian, but that it ought rather to he regarded as 
the lower member of one great system eompii.sing the primordial, and tlie second and 
.thud faun ns, so admirably worked out by Barraiide lu Bolieniia. To this system they 
maintained that the name Silurian, in accordain’c with priority and justice, should bo 
.assigned. Uiifortiiriately a disagreement, wliieli was not settled during the lifetime of 
Sedgwick and Muioliison, becpieatlieil a dispute in which personal feeling played a large 
part. Ami though the tires of controversy liave died out, it cannot be said that the 
<(ueHtioiia in debate have been left on a satisfactory footing. Tlicre was a tpndency 
towards a giMienil agreement that the name Cambrian hUouM be. assigned to, the strata 
containing Harramlc’s primordial fauna as far up as the toji of the Treniadoc .slates of 
AVales, when in 187*o I’lofessor Ijapwoith proposed, as a comproniise between the two 
views, that the lower half of Muieliison’s Silurian system, which Sedgwick had claimed 
as Cambrian, should be det iched from both and erected into a distinct system under 
the luimo “Ordovician," the teim “Silurian” being restricted to the uppermost 
formations of the series. This iiro{K>sal, which was honestly intended to obviate con- 
fusion ami to promote the progress of the .science, was, in my opinion, esiiecially unjust 
to Murchison. The division of “Lower Silurian " had the claim not only of priority, 
but of having had its component members defined by the autlior of the Silurian system 
ill tlie curly yeais ot his investigation, ami accepted by geologists ,all over the world. 
The primoidial fauna wijich Bairaiide had shown to nndeiiie the Lower Silurian rocks 
of Bohemia was liardly known to e.xist in Britain during Murchi.son’.s life, and certainly 
was not then ascertained to have the stratigraphical significance and wide geographical 
<litrusion which have now been proved. It had come to be universally admitted that 
this fauna marks a di.stiiict section of the geological reconl to which by common consent 
the name Cambrian had now been appropriated. The upper limit of this fauna having 
been generally recognised, it was mil a que.stion of fact but of nomenclature which was 
involved. To wipe out Murchison's accepted designation from half of the system 
which He was the fir.st to define and describe, is a change (piite unwarranted by any 
discoveries that have been made since hi.s time. On the plea of “convenience," the 
term Silurian has by some writers been removed even from the remaining portion of 
the original system of Murchison, whose designation, so long one of the classic terms 
in stratigra]»hy, is thus expunged from the geological lecord. It is hardly possible to 
protest too strongly again.st this procedure. 

These changes of nomenclature are unjustifiable even on the plea of convenience. 
If confusion has aiisen in the use of terms, it should lie removed in some less drastic 
fashion than by excising terms which have become inseparably intewoven with geological 
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literature. The changes, moreover, are retrograde in character and contrary to palttonto^' 
logical evidence furniahAd by the. rooks themeelvea. In previous editions of this text* 
book I have contended that the most natural and logical classification is to group 
Barrande's three faunas as one system, which in accordance with the laws of priority and 
obvious justice should be called Silurian. The palaeontological reasons for this arrange^* 
ment were so cogent to Murchison's mind that he strenuously insisted on the unity of 
his "Silurian system.” Since then the arguments that appealed so forcibly to his 
mind have been greatly strengthened by the continued advance of our knowledge, and in 
no respect more than by the researches of Professor Lapworth himself. That graptolites 
are organisms thoroughly typical of his Silurian system was fully recognised by 
Murchison,* but he was unaware how valuable they would become as indications of life- 
zones throughout the whole of that system from bottom to top, and how in this way 
by fresh detailed proof they would serve to link the whole of the sedimentary deposits 
in which they occur as the records of one great biological era, at the end of which they 
disappeared.® 

After the first edition of this work was written, in which the future merging of 
Cambrian and Silurian into one great system was regarded as probable, the father of 
French stratigraphical geology, the late distinguished Hebert, thus expressed himself ; 

" I adopt the opinion of M. Banande, based as it was on such thorough and prolonged 
research, that there is one common character in bis three first faunas which unites 
them into one great whole. To these faunas and the beds containing them I assign 
the name Silurian, because the Silurian fauna was the first to be determined ; and, further, 

I am of opinion that the Cambrian group ought not to appear in our nontenclature as of 
equal rank with the Silurian group, of which it is merely a subdivision.”* In the same 
year F. Schmidt, so widely known for his life-long labours among the older palteozoio 
rocks of the Baltic provinces of Russia, expressed the same opinion, remarking that he 
would prefer to regard the Cambrian as only part of one sy.stern extcjiding up to the over- 
lying vmconformable Devonian rocks.* This classification has been adopted with modifies- 
tions. The International Geological Congress published in 1897 a scheme of geological 
chronograpliy by Professor Renevier, in which the whole of the formations in question 
were grou{)ed under the name "8iluriquc,” the lowest of the three groups into which 
these formations had long been divided being termed Cambrian, the middle, as pro|) 08 pd 
by Lapworth, Ordovician, and the uppermost Silurian. The obvious objection to the 
use of " Silurique ” for the whole and "Silurian ” for only the upper membei appears 
fatal to the adoption of this arrangement. This objection is met by Professor De 
Lapparent, who classes as Silurian the whole of the formations from the base of the 
Cambrian up to the bottom of the Devonian series, retaining Cambrian for the lowest 
and Ordovician for the middle subdivision, and proposing the term "Gothlandian” for 
the uppermost. Such an arrangement is logically sound, and might be adopted if it 
did not involve so serious an alteration of the nomenclature in general use. It will not, 
however, satisfy the followers of Sedgwick to see their master’s "system” placed as 
the lowest menrber of the Silurian formations ; nor will it remove from the minds of 
those who are loyal to the memory of Murchison the apprehension that the removal of 

* Thus in chap. iii. of * Siluria ' he remarks that “ wherever groptolites are found they 
clearly mark the rock to be Silurian” : and again, "the mere preaerce of a gtaptolite will 
at once decide that the enclosing rock is Silurian.” 

* M. Delgado, thedistingnished Director of the Geological Survey of Portugal, has recently 
reaffirmed and snpiwrted Murchison’s dictum, "Nous arrivons a la conclusion qne les 
graptolites caract^risent exclusivement le systfeme Silurique. ... On doit par consequent 
consider oommes SUuriennes toutes les couches oii paraissent ces Hydrozoaires " (Comm. 
D/rec. Serv. Oecl, PoHugal, iv. Ease. 2 (1901), p. 227). 

» D. S. a. F. xl. (1882), p. 34. 

* /. O, A xxxviii. (1882), p. 516. 



thi kndm«rlQi Mt up by bim may only be the prelude (already actually to a slight 
extent realised) to the dropping of his name Silurian from the rocks which he wu the 
first to investigate and describe. For these reasons I prefer to I'etain the classifloatioil 
which has hitherto been given in this text-book, adopting Sedgwick’s name Cambrian 
for the rocks containing the first fauna of Harrande, and Murchison’s terms “Lower 
Silurian” and “Upper Silurian” for those in which the second and third fannas are 
preserved.’' 

The Cambrian rocks of Britain vary widely in roineralogical composition, thick- 
ness, and area of exposure in the different districts where they rise to the surface. In 
North Wales, where they cover the widest extent of ground, they consist of purple, 
reddish-grey, green, and black slates, grits, sandstones, and conglomerates, with a volcanic 
group at the bottom, the whole attaining a thickness of probably more than 12,000 feet. 
In Western England this enormous mass of sedimentary material baa dwindled down to 
a fourth or less, consisting at the base of quartzite and sandstone, and in the upper 
part of shales. In the East of Ireland, rocks assigned to the Cambrian system resemble 
on the whole the Welsh type. In the north-west of Scotland, on the other hand, the 
Cambrian strata, about 2000 feet visible, consist of quartzites below, graduating upwards 
into massive limestones. The following grouping of the British Cambrian rooks hss 
been made 


Wales 

(ranging up to 12,000 feet or 
more). 


Upper or 
Olenus series. 

Middle or Para- 
dox ides series. 


Lower or Olen- 
ellas series. 


JlVeraadoc Slates. 

I Lingula Flags. 
\(Linguleifa, Olenus, &c.) 

Group {Para- 

and Llanberis 
group and basement vol- 
canic rocks (“ Pebidian” 
of Hicks), bottom not 
^seen. 


j Meneviaii 
Xdoxidej^. 
^Harlech ; 


Western England 
(about 8000 feet). 

Hhinetou Shales {Dictyo- 
graptns [Diet yauenia] 
Olenxts, &c.) 

Conglomerates and lime- 
stones (Ckimley) with 
Paradookdes, kc. 

Thin quartzite passing 
up intogreeu flags, grits, 
shales, and sandstone 
(Comley Sandstone) con- 
taining OlenelluB. 


N. W. Btotland 
(at least 2000 feetX 

A thick mass of dolo- 
mite and Iftnestone, 
with A re/ueoryathus, 
Maclureoy Ophileta, 
Murehisonia. Orthn- 
rerat, and vant quan- 
tities of annelid east- 
ings. 

Shales with OUneliw, 
Sallerdla. 

Quartzite^ with anne- 
lid burrows. 


Lower.’* — lu South Pembrokeshire the lowest visible Cambrian rocks are of volcanic 
origin. They consist of fine tufts, and silky schists with sheets of olivine -diabase and 
andesite, and intrusive quartz-porphyries.* It is this volcanic group which the late Dr. 
Hicks proposed to class as a pre-Cambrian formation under the name of “ Pebidian ” 
(p. 896). In Carnarvonshire the Llanberis Slates, which form the lowest member of the 
Cambrian sedimentary series, are interleaved at their base with bands of volcanic tuffs 
and rest upon a mass of quartz- felsite, which is the lowest rock visible in the district.^ 
The Olenellus-zonc, the characteristic jialseoutological feature of the lower Cambrian 


^ The reader who would peruse a weighty and dispassionate examination of this disputed 
question in geological nomenclature should turn to the essay by the late venerable Professor 
J. D. Dana on “Sedgwick and Murchison ; Cambrian and Silurian” {Auur. Journ, Set. 
xxxix. 1890, p. 167). With the conclusions of his examination of the whole subject I moat 
thoroughly agree. 

* The chief authority on the fossils of the Lower Cambrian rocks is the monograph by 
C. D. Walcott, “The Fauna of the Lower Cambrian or Oienellus-iont" published in the 
KEA Ann, Rep. U.S. Oed. Suro. (1890). This work contains flgures and descriptions o, 
this the oldest known distinct assemblage of organisms, and gives a bibliography of the sub- 
ject np to the year of publication. Some of the other more important memoirs will be cited 
in snbeeqaent pages. 

* Q. J. G, S. xxxix. (1883), p. 294. C. Lloyd Morgan, op. cU. xlvi. tl8M), p. 241. 

* A. O., op. eU. xlvU. (1891), Presidential Address, p. 90, and authorities there cited. 
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group» has not yet been certainly established in Vf ales. * It was first detected in the British 
Isles by Proflp-ssor Lapworth, who in 1885 found fragments of Olenellus on the flanks of 
Caer Caradoc in ShrojMhire, associated with Kutorgina cingulata, Linnarsaonin sagittalis, 
HyolUhelhia and EUiyaocephalm.'^ It has been found by the officers of the Geological 
Survey in the west of lioss-shire, where the following lower Cambrian strata may be 
traced in a narrow strip of country for a distance of more than 100 miles : ’ — 

Hase of Durness limestones with fkUtereila. 

Ban<l of quartzite and grit (Serpulite grit) with abundant Sidterello Maanclhchii^ 
and ociasioiial thin shales with (Pencil us. 

Calcareous and dolomitic shales (“Fncoid beds") with numerous worm-casts 
usually Hattcned and resemhling fucoulal impressions, Olenellus occurs in bands 
of dark blue shale. 

Quartzites, in two divisions, the upper crowded witli worm-bnrrows, the lower be- 
coming pebbly at the base and resting nnconformably on pre-Cambrian (Torri- 
donian or Jjewisian) rocks. 

The discovery of the OleTullua-zont in this region has given a definite geological 
horizon from which to work out the stratigraphical succession above and below. It ha.s 
conclusively proved that the Torridon Sandstone, formerly classed as Cambrian, must bo 
relegated to the pte-(>ambriaTi series (p. 890). Above the quartzite and sltales which 
include the Olcnellus-znm there lies a scries of doloimtcs and limestones, divisible litho- 
logically into scv(!U groups with an aggregate thickness of alK)nt 1500 feet. Their original 
upper limit, however, cannot now bo ascertained, for it has been concealed by the great 
dislocations which have so complicated the structure of that region (see Figs. 344, 369). 
We caniiot tell what additional thickness of limestone may have been accumulated 
in the north-west at the time when only mud, silt, and sand were deposited over 
tile southern parts of the British area, nor by what kind of sediment the limestones 
were succeeded. Tins lime.stones (now chiefly in the form of dolomite) are most fully 
develope<l around Durness in the extreme north-west of Sutherland, where they 
have yielded a large number of fo.ssils. The facies of these fossils, however, is so 
peculiar that it has not yet been possible by their means to correlate the rocks 
containing them with the Cambrian formations of Wales. The limestones are so 
crowded with worm-casts that, as Mr. Peach has |M)int.ed out, nearly every particle 
of their mass must have ]ia8.sed through the intestines of worms. Hence they arc 
obviously of detrital origin, and were probably fonne<i in chief part by small pelagic 
animals. Only one coral has been found in them. The most abmnlant fossils are 
nautiloid cephaloimds (fb’//ioccm.v, Viloceras, LUuites) \ next in number are gastoroiKids 
(chiefly Maclvrea and I'leurotomnna), while the lamellibranchs and biachio[)ods come 
last. The bivalves have their valves still united, and tlje lamelhluanchs retain the 
positions in which they lived. “All the specimens show tliat every open space into 
which the calcareous mud could gain access and the ^^orma could crawl, is traver.scil by 
worm-costs. In the case of the Orthturmtiles, they .seem to have lain long enough un- 
covered by sediment to allow the septa to be tlis-solved away from the sijdiunclcs which 
they held in place ; many of these siphunclcs arc now found isolated." Sponges of 
the genus Calathinm are scattered through the c.ilcareou8 sediment, and likewise 
the doubtful Imt cliaractevistic t’ainbriau forms, known as Archawgathus whiclj, once 
referroil to the sponges, are now thought to be more probablj' corals. The general 

assemblage of fo8.sils, as was originally jwiuted out by Salter, is of a ilistinctly North 

American ty|>e, and does not resemble that found in the slates, flags, and giits of 

Wales. The conditions of deposit must have been so entirely ditfereiit that a great 

contrast in the organisms of the two areas of sedimentation could not but occur. 

* Dr. Hicks believed that it exists there, Oeol. Mag. 1892, p. 21. 

« Lapworth, Mag. 1888, p. 484 ; 1891, p. 529. 

* /trit. AsstK. Rep, 1891, p, 633. Peach and Horne, (/ /. (i. S. xlviii. (1892), p. 227; 
I. (1894), p. 661. 
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Whether or not the contrast further arose from some geographical cause, such as a land* 
barrier that completely separated the areas, remains uncertain. The Durness limestones, 
as regards their fossil contents and lithological character, may be comjiarcil with the 
Potsdam sandstone and Calciferous group of the United States and Caiiatl.i. They rcpie- 
sent the Middle and Upper Cambrian, ptissihly part of the Lov<>r Silinian fiMinations.^ 

Middle.- "This group a]»poars to he most fully developed in South Wales, where it 
was first studied by Hicks, anil found to yield a niiinbcr of cbaraetonstie fossiU. 
He ha,s divided it into two groups, the Solva below and Menevjan alxive. Fioin the 
lower grouji a number of trilobites, including the typical genus Pfirtulnxiiirs, have been 
obtained, also Phitonuics, ^ficr^vii'^cus^ Agnostus, Cmunoryphc. Theie, occur likewise 
annelides {ArenicolUea), brachiopods (DUchm, Lingule/la), ptcropods {Hyohth’s), an<l n 
8i)onge {Protospongin). 

The name Menevian was proposed by Salter and Hicks for a series of sandstones 
and shales, with dark-blue slates, Hags, ami grey grits, which are seen near St. David’s 
(Menevia), where they attain a depth of about 000 feet. They pass conformably into 
the Lower, and also into the Upjier group. They have yielded upwards of 50 sjMM ies 
of fossils, among which trilobites are specially prominent. ParwloxidcH is the typical 
genus, w'hile Aipiostus, Anopulenm, Erinvys, and Conttcoryph^ are of freijiient occurrence. 
S[M)nges {Proiosjurnyuf) and annelid tracks likewise occur. The brachiopods are 
represented by tlic genera IHaami, Lingxildla, Ohdella, and OrthU ; and the pteropods 
by Cyrtdheca and Hyolithc^. An entoinostracan (Entomis) and cystidcan {Protoq/difrH) 
have also been met w’ith. 

Urphii. — This highest section of the system has for a long time been divided in 
Wales into two well-marked gioupsof strata, the liingnla Flags below and tlic Tieinadoc 
Slates above. The latter division contains a fauna of a mixed or tran.sitiomil character. 
While it still displays a numher of Piimordial forms it inchuics so many Silurian ty|H*H 
tliat, on pahcoiitological groumls, it might he more appropriately placed at the l»asc of the 
Silurian .sy.stern. Ibit it has so long been taken as the highest mcmlier of the (’ainbrian 
formations that it may jierhaps 1 h) mo.st conveniently retained in this plaec. As already 
stated, the charactcri.stio pahcontological feature of the Upper Cambrian strata is the 
prevalence of trilobites of the genus Olmus. 

Lingul(t /Yni/.s. - These strata, I'onsisting of bluish and Mack slates and Hags, with 
hands of grey Hags and sand.stones, attain in sonic paits of Wales a thickness of more 
than .5000 feet. They leccivcd their name from the vast nunihers of a lingula 
{Lingtilc/la Ifavinii) in some of their layeis. They rest conformably upon, and pHs.s 
down into, the Menevian grou]? below them, and likewise grail uate into tlie ’I ri'inailoe 
group above. Tiiey arc distingiii.shcd by a ch.iractciistic suite of organic remains. Ihc 
trilobites incluile the genera (fPnux, Agnostna, Ooiooiryphc, and liikfUx'rphdus. 
Early forms of phyllocariils {l/yxivnocnris) and ga.steropixls {Pclhropkoit) occur in 
thcM; strata. The brachiojiod.s include .sjiciics ot Lmgvldht [L. JJaviatt). 

ObxMln, Kvtorgiva, and Orlhis. 'I'lie jiteropods aie lepieseiiteil by species of Hyohthrs. 
Several annelides {Cruzitin(t) and jioly/.oa {FrmstrUa) likewi.se occur. 

A subdivision of the Lingula Flags into three suh-grouj>s was jiiojiosrsl by Mr. 
T. Belt, in descending order as follows — 

3. Dolgelly slates, about 000 feet, well .seen ,at Dolgelly, consist of v»ft and bard 
blue slates and contain Prnfosponyui, LtnunlAln, ihthx h-iilu'nhins^ Pdttira 
acuTohtsoides, JUirtibuhnd fipint'/osfi, Aguudiia (Jonwot yphe oJaittu, 

2. Ffestiniog flags, about 2000 feet, well seen at Ffe.sUiiiog, consist of hard candy 
micaceous flagstones, and liave yiddeil lAngitfrUa lunimi, Ofmira tmcmrtis, 
Hymenoenrin vermiraxola , Hellrrophim mmincuMti. 

1. Maentwrog flags and slates, about 2.500 feet, best seen at .Maentwrog in 
Merionethshire, consist of grey and yellow flagstones, and grey, blue ami black 

> B. N. Peach, Q. J. O. S, xliv. (1888j, p. 407. 

UvuL Mag. (1867), p. 538, 
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iUt«a, and contain among their somewhat scanty fossils (Heiwi eaimtutea, 

0, gibhosus, AgnoMtu princeps (pistformis), A. nodonu. 

Tremadoc Slates. — This name was given by Sedgwick to a group of dark grey slates, 
about 1000 feet thick, found near Tremadoc in Carnarvonshire, and traceable thence to 
Dolgelly in Merioncths*^ire, and reappearing beyond the eastern side of Wales at the 
Wrekin, in Shropshire.^ Their importance as a geological formation was not recognised 
until the discovery in them of a remarkably abundant and varied fauna, which includes 
early forms of crinoids, star fishes, laniellibranchs, and cephalopo<ls. The trilobites are 
more especially characteristic ; they include some distinctively Cambrian genera (Ofenus, 
Agnoetus, Dikelocephalus, kc.), but they are marked by the appearance of new forms 
(Angelina, Aaaphelltu, Cheirurus, CyclogmUkus, Euloma, Neaeuretus, Niobe, Parahclindlo, 
Shumardia, Sgmphyturue), a few of which attain a great development in the overlying 
Silurian system. The phyllocarids are represented by Ceratioearu and Linguloearia. 
The same genera, and in some cases species, of brachiopods appear which occur in the 
Lingula flags, (Mhia lenticularis and Lingulella Davisii being common forms. Hicks 
de8cril)ed 12 sjiecies of laniellibranchs from the Tremadoc rocks of Ramsey Island and 
St David’s, belonging to the genera Ctenodonta, Palaearca, Olyptarca, Davidia, 
Modiolopais. The cephalojiods are represented by Orthoceraa seriaum and Cyrtoeeraa 
prtecox ; the pteropods by Hyolithea Davidii, 11. operculalua, and Cmvlaria Mtmfrayi ; 
the echinoderms by a beautiful star-fish (Palmuterina ramseyensia) and by a crinoid 
{Dendrocrinus f eamhrenaie).^ Careful analysis of the fossils suggests a separation of the 
Tremadoc sub-group into two divisions. The most characteristic forms of the lower 
division are Niobe Uomfrayi, N. menapiensia, Pailocephalua (f Symphyaunta) innotatua, 
Angelina Sedgvxickii, Aaaphellua affinia, and more particularly Dictyograptiia Jlabelli/ormia 
(Dictyonema aociale), which is a characteristic fossil of the uppermost Cambrian rocks 
ill Scandinavia and Russia. The upper division contains Aaaphellna Homfrayi, 
Cimoeoryphe {Cyelognathua ?) depreaaa, and other fossils having a general Lower Silurian 
facies. 

The peculiar fauna of this group has been shown by Professor Brdgger to have a wide 
geographical extension. He designates it the Euloma^Niobe fauna, which is recognis- 
able in the Christiania region, Bavaria, Southern France, Bohemia, and Sardinia, and 
can be traced in Canada and Newfoundland. He enumerates among its characteristic 
genera and sub-genera of trilobites the following forms : Shumardia, Orometopua, 
Ceratopyge, Cyelognathua, Paraholinella and Angelina, Bavarilla, Neaeureiua, EuUma, 
Harpidea, Anaeheh'unia, Lichapyge, Apatocephalua, Dikeloctphalina, Dxktlocephalua, 
Aaaphelina, ko. He regards it as a distinct subdivision between the Dietyograptua-Blatn 
below and the Silurian strata with Telragraptua, Phyllograptua, &c. (p. 969).’ 

It was the opinion of the late Sir A. C. Ramsay that though no visible uncon- 
formability can be seen at the top of the Tremadoc group, nevertheless there is evidence 
on a large scale of the transgressive superposition of the Arenig rocks upon the Tremadoc 
Slates and Lingula flags below them.'* The transitional character of the Euloma-Niobe 
fauna, however, would appear to indicate that in the region of North Wales no serious 
interruption of the continuity of the sedimentation took place, nor any marked 
interference with the progress of biological evolution. The vagueness of the boundary 
line between the Cambrian and Silurian systems is only a proof of the artificiality of our 
itratigraphioal subdivisions, and the variety of opinion as to where the line should be 
drawn points to the essential unity of type in the Cambrian and Silurian faunas.’ 

‘ ^Callaway, Q. J. oT 5. "xx^iiL (1877Yp. 662. Lap^h, Oi?.’^'(i888), pT”i86”; 
(1891), p. 588. 

’ Hicks, Q. J. O. S. xxix. p. 39. 

’ Eyt. Mag. xxxvi. (1898), p. 289. 

’ Metn. Oeol. Sun\ iil,.; ‘Geology of North Wales,' p. 250. 

’ On the subject of this boundary line, coneult besides Brbgger's recent paper above cited. 
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In ▼urioua puts of EngUod repretenUtivea of the CambritB syetein have been die* 
oorered. One of the must important of these it in the range of the Malvern Hills, where 
the subjoined groups, comprising some 3000 feet of strata, are recognisable in descend* 
ing order P — 


4. Bronsil grey shales, 1300 feet, including about 300 feet of diabases and basalts : 
Diei^ontmatociaU, TtmaevlumprobUmuUieum, LingiUdla NiekoUoni, Lxnnar$~ 
sonta Oboldla (f) UyolUket a»tulatu»^ Agnottxu dux^ (JUnu* 

{Parabolinkla) triarihnu, Ifiobe Ac. This subdivision is believed 

to correspond, on the whole, with the Lower Treniadoc beds of North Wales. 

3. White*leaved*Oak black shales, which, including two bands of olivine-basalt 
(300 feet), have a thickness of about 800 feet ; separable into two zones : (a) 
that of PoLyphyim^ containing Polypkyrm LapUwrthi (a fossil probably allied 
to Beyriehia An^ini)^ Protospongia feneatrata, Aerctreta (f) (Sabrina?, 
Kutorgina einguUUa, LinguUUa NichoUmi, and (b) that of Spiugrophthalmus^ 
containing SphatrophtfuUmua alatua {-(kenua Aumilia, Phill.), Cteruyfyga 
hiaulcatOy Pdtura acarahaeoidea, Agnostua triatctua, LinguUlla pygmaui^ 
Murchiatmia f, (Hyptarca primieva, ostracods, sponge spiculrs. foraminifera. 
Ac. This Bubitivision includes strata that may be correlated with the upper 
part of the Lingula Flags (Upper Dolgelly Beds). 

2. Hollybush Sandstones, perhaps 1000 feet thick ; Kutorgina cingulata (Phillipaii), 
Linnaraonin aagittedia, Orthotheca {HyoliOua) fistula, Hyolithts priman'ua 
(and several other 8|)ecie8), Scotemdermu antiguissima, Modtolopaia (1), 
foraminifera as glauconitic casts. 

1. Malvern quartzite and conglomerate, perhaps 200 or 300 feet : Fossils rare, 
include Kutorgimi Phillipsii, Oboltlla (iroomii, Hydithfs primaerus, ihUudheta 
fistula, foraminiferal glauconitic casts. 


The various subdivisions of the Cambrian system were probably deposited over the 
Midland region of England, but they have been for the most part buried under younger 
formations, and are now only visible at a few places where they have been ridged up and 
denuded. In the Wrekin and Garadoc district the Cambrian strata, about 2000 feet 
thick, iiave at their base the Wrekin Quartzite, 100 to 200 feet thick, which has yielded 
a few worm -burrows. It is succeeded by the Comley or Hollybush Sandstone, which in 
places is shaley and calcareous, and has furnished in the lower parts Olerullua Cailavet, 
Agrauloa, Stenothcca, and Kutoryiva Hnguieda ; in the upper parts Paradoxxdea Orotmii, 
Above those sandstones lie the Shineton Shales, containing a fauna like that of the 
Tremsdoo Slates. At the base JJictyonema sociah is found, in the middle jmrtion forms 
of Bryograptua, and in the highest beds many genera and species of the Lower Silurian 
family of the Asaphidte, in association with species of Olenus and other Cambrian forms.* 
In the Nuneaton district of Warwickshire another inlier of ancient strata was first 
recognised as Cambrian by Professor Lapworth. It has the Hartsbill quartzites at the 
bottom, with their interstratified zones of shale, and near the top a thin band of reddish 
limestone containing siiecies of HxjolUhes and OrlhUheca, Coleoloidea typicalia, StenUhaca 
rugosa, Kutorgina cingulata, Ac. These fossils suggest a Ixjwer Cambrian horizon. 
Next come the Stockingford shales, divisible into three groups, the Purley shales at the 
bottom, with (?) Conocoryphe coronata, Acrothelegranulala; Lingula Bp., Obolella sagittalia, 
Hyaloatelia, Protoapongia feneatrata. In the middio lie the black Oldbury shales, with 
Clenopyge peeten, Sphaerophlhalmua alatua, Olenw, Aynoatua pisiformia, Jieyrichia 
Angelini, Ac. The uppermost or Merevale shales are marked by the occurrence of 
Didyonema aoeiale, and are probably, like the Bronsil shales of Malvern, somewhere 


his ‘Silurischen Etagen 2 und 3 im Kristiaiiia Gebiel,’ 1882, p. 166. Linnarsson, Oeol. 
FUren. Stockholm, ii. (1874), p. 278. J. E. Marr, ‘ Classification of the Cambrian and 
Silurian Rocks,’ 1888, p. 23; ‘Principles of Stratigraphlcal Geology,’ 1898, p. 162. 
J. C. Moberg, Swrig. Oeol. UndaraHkn. V. No. 109 (1890). 

^ Professor T. Groom, Q. J. G. S. IviiL (1902), p. 89. 

• Professor Lapworth, Proc, Oeol. Aaaoc. 1898, p. 387. 
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about the horizon of the Lower Trcmadoe or Upper Dolgelly slates of North Wales.* In 
the heart of tlie Lickey Hills a quartzite like that of Nuneaton is referred to the 
Cambrian system. It has only furnished some worm-burrows. 

In the south-east of Ireland masses of purplish, red and green shales, slates, grits, 
quartzites and schists occupy a considerable area, and attain a depth of apparently 
several thousand feet without revealing their base, though in Wexford they may possibly 
rest on pre-Camhrian rocks. They have yielded Ohlhnmia, also numerous burrows and 
trails of anmdidc.s [HiditMlenm hibrniirnm, ArenirolUe^ didymus, A. •iparsns^Jlaugh- 
tvniit p(ecila). In the absence of fos.sil evidence it is impossible to bring these strata 
into correlation with those of Wales. Some |K)rtions of them have been considerably 
luetamorphoaed. On the Howth coast they appear as slates, schists and quartzites. 

Continental Europe. -According to the classitioation adopted by M. Barrande, the 
faunas of the older Bahvozoic rocks of Europe suggest an early division of the area of this 
continent into two regions or provinces, — a northern province, embracing the British 
Islands, and extending through North Gennany into Scandinavia and Russia, and a 
central- Euroix-an province, inchiding Bohemia, France, Spain, Portugal and Sardinia. 

Passing from the British type of the Gamhrian dejmsits, we encounter nowhere in 
tlie northern part of the continent so vast a depth of stratified deposits ; on tlie contrary, 
one of the most singular contrasts in Palneozoic geology is that presented by the develop- 
ment of these formations in Wales, and in the north of Europe. The enormous masses 
of sediment*, thousands of feet thick, and with such uniformity of lithological characiter, 
which record the oldest Paheozoic ages in Wales, are, represented in the basin of the 
Baltic by only a few hundred feet of sediments, which show strongly separated litho- 
logical suhilivisions. Again, while the English and Welsh rocks have been much 
disturbed, those in the eastern part of the, Baltic basin lemain over wide tracts hardly 
altered from their original <'on<Ution of level sheets of sand and clay. 

In 8can<linavia the t'ainhrian sjstem lies with a sttrtng nneonformahility on pre- 
Cambrian rocks.- The so-called “Primonlial /one” of this region appears to be every- 
where ebanietcriscd by unifotmity of lithological eomjmsition as well as of fo.ssil contents, 
consisting mainly of black shales with concretions or thin .seam.s of letid limestone. 
The follnuing grouping of the Cambrian system ha.s been made, tlie wliolc tliiekness of 
strata being about 400 feet (120 metres). 

3<f. Limoatoue and simle with the Kidonui-Sioh' fauna (see pp. 022, 069). 

2. Oleuus group. About 200 feet of bituminous fissile alum-shales, witli nodules 
and layers of fetid limestone. The tolhtwing /ones iu descending order were 

' Lapworth, op. oit. ]>p. 338-3.00. 

- For Seamlinnviau Cambrian rocks see Angelin, ‘ Paheontologia Sueeica,’ 1851-54. 
Kjernlt, ‘ Norges Geologi,’ 1870 (or ‘ Geol. Sud. und Mittl. Norwegeii,’ 1880). D.ahll, rirfew.sX*, 
HAsL Forhandl. 1867. Nathorst, Kong/. Vet. .Ikad. Fo/hfind/, 1860, p. 61, and * Sveriges 
Geologi.’ pp. 116-151. (The appendix to this x'olume routaius a detailed cat.alogue of the 
literature of Swedish Geology.) Torell, .Ic/u I’mrer.s. Lund. 1870, p. 14 ; Koitgl. Vet. .Ikad. 
Forhand/. 1871, No. 6. Linnar.sson, Sre.nsJc, Vet. Akud. tlnmfl. 1876, iii. No. 12; ‘ Om 
Agno.stu.s- Arterna,’ &e,, Krerig. (rent. Cndt r.fukn, ser. No. 42, 1880; * De undre, Para- 
doxides lagereii vi<l Audrarum,’ oj>. cit. ser. C. No. 54, 1883 ; fieot. Mag" i860, p. 393 ; 1876, 
p. 145. Tullberg, ‘Skanes Graploliter,' .N'w/y. <iW. Vndeesokn. ser. C. Nos. 50,55 (1882- 
83) ; Z. Denfsc/i. (ieoK firs. xxxv. (1883), p. 223. W. C. Br(»gger, Xyt. May. 1876 ; Geol. 
FOren. ASfvrk/iotni, 1875-76, 1886, p. IS; ‘Die Sdurisehen Etageu'2 and 3 im Kristiania 
Gebieh’ 1882. Luudgren in text to Angelin’s Geol. Map of Sweileu, *V. Jnhrit. 1878. S. L. 
Toniquist, Ofi'ers. .{kad. Fork. Htoekholni, 1875 ; <rVe/. Foren. ASlockhotm, xi. (1889), p. 299. 
J. C. Molierg, op. cit. xii. (1890), p. .447 ; xxii. p. 523 ; xxiv, (1902), p. 44. MoWg and 
H. Moller, op. cit, xx. pp. 197-290. Lapworth, tMd. May. 1881, p. 260; 1888, p. 484. 
Man*, Q. J. G. A, xxxvili. (1882), p. 313; 'Classification of the Cambrian and Silurian 
Rocks,’ 1883, pp. 72-100. 
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noted by S. A. Tullberg — (A*) zone with Acen>carf tcorur, IhdytuieuiO 
JtaUUiforme, {h) CycUtynnihus mycropygus, {g) l*fltura Hcamlmonles, {/) Kunf- 
care camiriconie, (e) PimiMnia spitudnMt, {</) i’crotojtygc (r) Olcttus (the 
special zone of this j'eims, of wliich it has many spwies, (A) J.cjH'rditia sp , 

{a) Agnostus pist/unnis. J. C. Mohei^ recojimses li\e zoiu-s m this jfrou[i, 
which in desoemUnjj or«lcr an* : ActnHtire and Pcltum, (4^ Spfia rojihthulmu.^ 

and Eurycare, (3) Vuralntlina s/xuhAw/, ('i'l Ohnifs Itmtcatus, (1) Agm'sfus 
pistfonnts \Jonnu tyjncn]} rn>li->sor has aiM'ievnited this sulKiiviMon 

by making two duet z«)nt*s, a higher v-d) with lUifitm, Vydoguathus^ kc., .iinl 
a lower (2 vNith 0/«*»</.v(in the strict m-iim*) PurnMuaf, Encycarc, ttc lb* 
niaintiun.s, in the paper alrea*Iy i-ited, th.it the Ihy'tytximiittn, {/)tctyininiui\ lu'tN 
shoiiM he placed iii the Lower Sdnrian, and aecnriiingU lie di:iw> the line lor 
the top of the CainbiMii senes at the boitoin ot these beds (p. 

1. e, d. Pai'a<lovides group. About lt>0 feet of sandy .shales, alum .shab‘.s. with ihiee 
bands of limestone, the lowest (lA feet\ known as the “ Fiagnienteiikalk. " the 
middle as the “ Evsulanskalk,’' and the highe.sL (2 to 3 leet' the Andraruni.s* 
kalk.” Tnllherg diMde.s the group into the tollowing >,oins m ileseending 
order, (i/«) Ayuodus fangntu'i, d) Ponviundcs J'tm Idioiiniin i. ('I'liis is tlie 
hnii/oii ot tin* Aiidiarum limestone, which contains an nluindaiit fauna, includ- 
ing many siiedes of ,l»/«osb/.s and other tiilobite.s.l (!:) Aynostux l.undiiictn, 

(/) lytrodiixiilcs Ihitidis^ (h) Cunocoi yphi it'/iiidix, [if] ni, (j ) 

I itfrrmcihif!*, {r) A/i> nMftSt us .ov/a/CM', p/' f 'inn'iirifplii' * > .xiila us, p'- 
Affiiiisttis ufavus, (h) “ Fragmeiitenkalk ” with /‘anidm idrs (./i 

hiaek alum-shale with Lxitgvldhi, Ohoh/la, fa. I’lofessiu Itrogger 

recognises two clnet baml.s, the higher inaiked In PniiidiKidts lunxh- 
humiticn. the lower by /*. o/tnidtciis, /^ '/ osm / k , /*. Ihiri</i<i, kc. 

1. A. Oleiidlus group, consisting ol two thm band.s ot stiata. (//) Phosphate liiucstoiiC 
and sandy shale with LnufidclUi, Ai'iotlnlf, &(., (u) Saudi shales pas.sing into 
sandstone (gie> wacke-sh.de) witli (dctoUux Kyndn, Elhf>Mu,f,/udits yoidni 
sl'idldi, Aeiotid/tis 2uiiiiai Its, llyohOos, Ac.*’ 

Tiioiigli the Scainliiiai Kill ('ambiiaii senes is so niueli thimn'r than that ol Wales, 
it contains the three rlistiiictive life- plat foriiis lerognisahle in lliitaiii, ami a))]M-ars thus 
to be a full paheuntological and lioiiiota.xi.il e.|Ui\.ilenl ol the much fuller dcvelopmenL 
of sedimentary nmteiial in lliitain. liul, as Ims .ilicady hci'ii pointed out ip. hOU), tlio 
older Pala'ozoic toniiation.s of Norway and Sweden display leinaikahle hi hological 
dilfeienccs on the oast and west side.s ot the axis ol tlie peuin.siila, .suggestive ol a 
fonner laml-bariier, on tlio two side.s of wliich the < haiart< r and thickness of the .sedi- 
ments wen; strongly eontia.sted. On the eastern side the Cambrian iiml Siliiiiaii 
formatiori.s present the normal fossiliterons aspect above desciibed, but on tlie western 
aide they consist of vast piles of crystalline s<‘liists, which might he taken Im pre- 
Cambrian fornialiuns if their tiiie age were not indicated by the occasional oe< iirreiice of 
organic remains in some parts of them. The lower gioup ol these metamoi plio.sed lock.s, 
known a.s the Roros schists, con.si.sts of markedly ciy.stalliiie soil mica-.vhists ami liorn- 
blende-mica-schists. No fos.sil.s have been found in it, but on straligraphical gioumls it 
is regarded by Toinebohm as piobably of Cambii.in agc.^ 'Ihe ovcilying schists and 
limestones are believed to be Silurian. 

I’he most extensive traet of fossil iferoiis, older Pala-ozoie .sti.-ita iii Scandinavia extends 
among the Archa;an rocks and crystalline schists as a broad but intcrruplecJ belt 
from Jeiiitland tliroiigh Norilaml and Yesterbotteii into Lapland, a distance of mure than 
400 English niile.s. In this area both Cambrian and Silurian formations are well 
develojMjd, and present the .same recognisable zonc.s as in Southeiii Scandinavia, though 


^ Ueol. Foreti, StiKkholm, xxii. (IDOo), p. 033. 

* S. A. Tullberg, Afhavd. Uverig. (»W. Undersukn. scr. C. No. 50 (1&H*2). W. C. 

Brogger, Ued. FOr. StockMm, No. 101, vol. viii. (l&86k p. 196; Nirrges. (Jed, UudtrsOg. 
No. 11 (1893). K. A. Groiiwall, Qcd. For, xxiv. 1902, pp. 309-345. The 

figures in this table are continued ujiward into the base of the Silurian system (p. 969), 

* Sverig. (led, Vrulera, ser. Ba, No. 8 (1901), p. 43. 
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with many local difTcrences, both in the nature of the sediments and the character of the 
fauna which they contain. In Jemtland a zone uf sandstone lying on the Archsean 
gneiss contains the OUnellxiM-zomt, and is followed by the alum-slate, with nodules of 
fetid limestone containing the zones of ParadojAdts odandieuB^ P, Tessini, and P. Porch’ 
hamraeri and a considcmble assemblage of other trilobites. Higher bauds of alnm-slate 
with similar calcareous nodules form the Olenus gron^u composed of the zones otAgnodtu 
pm/ormis, Olenus gibboaus, Parabolina spinuloaa, Eurycare laium and PeUura acara- 
beeoidea.^ The same zones are prolonged northward along the bdrder country between 
Sweden and Norway. In the district of Tisjdn, in the west of Vesterbotten, among the 
tracts of quartzite and sjwragmite the following upward succession of Cambrian strata 
has been observed ; 1, Grey pyritous quartzite ; 2, Fossiliferoua limestone and quartzose 
band, containing small concretions of phosphorite (9 cm.), and covered with a thin part- 
ing of alum -slate and dark grey limestone with ParoiiarufM; 3, Black limestone (18 cm.) 
containing Lioatraciia Linnaraami, Aerothele, sp. and indicating the zone of Paradoxidea 
Teaaini. Above a thin iihosphoritic layer lies (4) a greyish black fossiliferous limestone 
(3 cm.) with a Paradoxidea, possibly P. PQrchkammcri&tui Soleruiplmra (?) ; 6, Alum-slate. 
From the same band of strata there have likewise been obtained Agnoatuagibbus, A. ivter- 
mediua, A. pnrvi/rons, marking the Paradoridea Tesaini zone, and from other localities in 
the game district, Paradoxidea blatuiicua, P Forcfdiammeri, PeUura, Sphaaropkthalmua, 
Solenoplenra brachymdopa.'^ 

The Cambrian type of Southern Sweden undergoes considerable modification* as it 
passes eiist wards, into the Baltic provinces of Russia. The black shales so character- 
istic in Scandinavia thin away, and the distinctive Paradoxidian and Olenidian divisions 
disafipear. A group of strata, traceable from the S.E. of Lake Ladoga for a distance of 
about 330 miles to near Baltischjwrt on the Gulf of Finland, with a visible thickness of 
not more than 100 feet (but pierced to a depth of 600 feet more in artesian wells) consists 
of three subdivisions : (a) Blue clay composed of a lower set of iron-sandstones (300 feet), 
resting on granite and an upper blue clay (300 feet), formerly noted only for some 
obscure fossils {PlatyaoUuitea, Pander, probably fragments of cystideans), but now known 
to include the GfcweWws-zoiie ; (6) Ungulite grit (50 to 60 feet), containing Oholua Apollinia 
{^lingula, Eichw.) Schmidlia ceMa, Ac. ; {e) 'Dictij<menui’Mc\i (about 20 feet), with 
Dictyograptua [IHctyoiiema) Jlabelli/ormia.^ The researches of Schmidt have clearly 
shown the relations between these soft and seemingly not very old dejK)bits and the 
Cambrian system of the rest of Europe. The lower sandstone, blue clay and a fucoidal 
sandstone lying immediately above the latter form an unequivocally Lower Cambrian 
group, for they have yielded OUmllua MickwUzi, Sccrulla diacinoidea, Midemtzia mm\- 
ilifera, Obolella, Diacim, Volborthella (doubtfully referred to the Orthocerutites), Platy- 
aohnitea and MedvsiUa. Professor Schmidt points out that a complete break occura 
between the top of the fucoid sandstone and the base of the Ungulite sandstone, and 
that this hiatus represenU the Paradoxidian and Olenidian groups, while the Dictyo- 
nema-shales form the characteristic uppermost zone of the system.^ The Cambrian 
sea is known to have stretched into Siberia, for Schmidt has described AgngatUa from the 
Olenek in lat. 71“. The genera Lioatracua and Anomocare also occur in that region, while 
in the valley of the Lena limestones with Microdiacua represent the Olenellua zone, which 
extends to near Jakutsk. The same zone, as a limestone containing Archaaoeyathua 
appears in the island of Vai^tch. ’ 

^ C. Wyman, Bull. Oeol, Inat. Upsala, vol. i. No, 2, 1893, and references there given. 

* H. Lundbohm, Afhandl. Sverig. Oeol. Underabkn. ser. C. No. 177, 1899, p. 38. 

* F, Schmidt, Q. J. G. S. xxxviii. (1882), p. 616. 

* Mfm. Acad. Iwp. Sci. St. PfUrab. xxxvi. (1889), No. 2 ; BuU. Acad. St. Piterab. 

XXX. p. 601; “Excursion dnreh Estland,” “Guide des Excursions,” No, 12, Congria 
OM. IntenuU. St. Petorsb. 1897. E. von Toll, Mim. Acad. St. Piterab. viii. (1899) 
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In Gentnl Sorope, Gimbrian rocks rise from under later accumulations in Belgium 
and the north of France, Spain, Bohemia, and the Thiiringer Wald. ^ The most im- 
portant in France and Belgium is that of the Ardennes,^ where the princi)>al rocks are 
grit, sandstone, slates, and schistose quartzites or quartjs-schiats (quartzo-p}iyUade.s of 
Dumont), with bands of whet-slate, quartz-porphyry, diabase, liiorite, and porphyroid. 
According to Dumont these rocks, comprehended in his ' Terrain Arden nais.' ran l>e 
grouped into three great subdivisions— 1st and lowest the “ Syst^ine Devi llien," pale 
and greenish quartzites with shales or phyllades, containing Oldhaviia nuliaUt, and 
annelid tracks {NereiUs) ; 2nd, the “Systeine Revinien,” phyllades ainl black pyritous 
quartzites from which Dictyograplus fiahtllifonni^ [Dirtymema siM'ialf). and worm- 
burrows have been obtained; 3rd, the “Systeine Salmien,” coli.sisting mainly of 
quartzose and schistose strata or quartzo-phyllades, and yielding J dictyograplus JlabtHi- 
formiSy ChotidriUs arUiquus and Lingula. The Devillian and Revinian divisions are 
united by Gosselet into one scries composed of (a) Violet slates of Fumay ; {/») Black 
pyritous shales of Kevin ; (c) magnetite slates of Deville ; (rf) Black pyritous shales of 
Bogny. These rocks have been greatly disturbed. They are covered uneonformably by 
Devonian and later formations. 

In the north-west of France, extending through the old pioviuces of Brittany, 
the west of Normandy and tlie north of Poitou, a gieat isolated mass of ancient roiks 
rises out of the plain.s of Secondary foimatioiis, and the pre-t’ambrian rocks already 
referred to are there succeeded, with a more or less distinct uneonrorinability, hy a 
thick series of sedimentary groups which arc now' considereti to la* of Cambrian age, 
In western Brittany the pre-Cambrian green silky schists known as the “Phyllades de 
Douarneiiez,” which are Iwlieved to he about 3000 metrc.s thick, are followed, jierhups 
uneonformably, by purple conglomerates, sometimes 530 metres thick, passing up 
into red shales which have a vertical depth of 2500 metres, and are surmounted by the 
Gris Armoricain or bottom of the Silurian system. In these strata Scolithiis and 
TigilliUs occur, but recognisable fossils are extremely rare, and no trace has yet been 
found here of the more typical Cambrian foims. In the basin of Rennes considerable 
bands of limestone, sometimes magnesian, together with quartzites, conglomerates, and 
greywacke.s occur in the Cambrian series. Great local variation.^ appear in the lithology 
and thickness of the series ; in Cential Brittany it is marked hy the intercalation of acid 
lavas and volcanic tuffs. In the region of the Saithe, the basement conglomerates are 
followed by.grey shales with thick bamls of siliceous an<l magnesian limestone, above 
which lies a series of sandy rocks containing Lingula cnimcna and passing under the 
Gr^ Armoricain.^ In Southern France, from the Cambrian rocks which flank the 

^ The student will find a useful compendium on the correlation of the Cambrian and 
Silurian rocks of Western Europe by S. 'l'«irnqiiist in (Jmlog. Ftiren. .Stockholm., xl. 
(1889), p. 299. 

* Dumont, ‘ M^moires sur les Terrains Ardcniiais et Rhenau,’ *1847-48. Dewalque, 
‘Prodrome d’uue Description Geol. de la Belgique,’ 1868. Mourlori, ‘(b'-ologie de la 
Belgique,’ 1880. Gosselet, ‘Esquisse Gcol. du Nord de la France,’ Ac., 1880, and his 
great Monograph, * L'Ardenne ’ Mem. Carte. (Jlal, detaill. 4to, 1888. C, Malaise, HvU. 
Acad. Roy. Belg. 3rd ser. ii. (1881), No. 8 ; op. cit. v. (1883), No. 1 and No. 6 ; Congr. 
QM. hUtnuU. Parts, 1900, p. 561. The petrography of thtserocks has recently been again 
disenssedby Dr. J. deWindt, Mtm. Cour. ISav. Etrung, Acad. Roy. Iklg. Ivi. (1898) ; and 
their stratigraphy by M. Lohest and H. Forir, Ann. Soc. Cool. Belg. xxv. Ins. 1899-1900. 

’ The (pre-Cambrian) phyllades of Brittany and the (Cambrian) purple conglomerates 
and red shales which succeed them were exhaustively treated by Hubert, B. S. O. F. (8) 
xiv. p. 713. See also Tromelin et Lebesconte, B. H. O. F. iv. (1876), p. 5. 583 ; 
Assoc. Franc. 1876. Tromelin, Assoc. Franc. (1879), p. 493. Lebesconte, B. S. G. F. 
(3) X. p. 66 ; xiv. (1880), p. 770 » xvii. (1889), p. 021 ; xix. (1891), p. 15. Gnillier, op. eU. (8) 
ix. p. 374. Banois, op. cit. v. (1877), p. 200 ; Carte. QM. France^ Redon Sheet ; Ann. 
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isolated }»re-CaTubrian axis of Upper l^nguedoc, the most satisfactory fossil evidence 
has been obtained, allowing the existence there of both the Paradoxidian {ParadojHdes, 
Vwiocoryphe) and Olenidian diviaions of the Cambrian system. ‘ Among the French 
Pyrenees, narrow strips and patches of strata have been detected w'hich, lying below 
fossiliferous Lower Silurian rocks, are lielieved to be Cambrian. 

J n various pat ts of Spain indications of the presence of Cambrian rocks arc furnished 
by Primordial fossils. In the province of Seville the highest beds have yielded 
Arekamcf/atfins, and m the province of Ciudad-Reale, Primordial tribolites {EllipBo- 
cep/uthta). Hut it is in the Asturias that the most ubiiudantly fossiliferous rocks of this 
age occur. 'Pbey arc grou|>ed by Ikrrois into {^t) Slate.s of Kivadeo, blue pbyllades and 
green slate.s and qnart/ites, in all about 3000 metres, and (6) Earad oxides beds of La 
Vega (fiO to 100 metros) composed of limestones, slates, iron-ores, and thick beds of 
green quartzite. In the upper ]»art of (h) a rich Priiitoidiul fauna occurs, comprising a 
cyslidcan ( Troc/Mrpstites hoheiuifus) and tnlobitcs of the genera Enraduj ides, 2 species, 
Cowiconiphe {O'lno^rphalUes), 3 specie.s, and AnoneUiis, 1 s])ccics.^ 

In the Portuguese jrnrt of the Iberian ])eiiinsula Cumbiian strata have likewi.se been 
lecognised by organic lemains. In the Alto Alemtejo a daik grey shale in the line of 
contact between .sonm limestones ainl quartzites, has yielded a number of fragmentary 
triluliites repiesenting .seven or eight difleiont species belonging to the families of the 
Olemdie and Conocciihalnla*.^ 

In the Thuringer Wald eertam phyllites, fucoidal slates tpiartzite.s, &c., are 
referred to the Cambrian system. They have yielded some indistinct fos'-ils ( /V/y/rWes, 
..//r/t/cociAii/ru.s.’') and in their higher parts (Tiemadoe) Olemis, Euloma, IHkr/occphahiS, 
Nioln’, Anipkion, (kratopyge.^ The Central Kuiopean type of the Cambiian system is 
best (Jovoloped in Holiemia, wlieio the cla.ssie researches of Bairande have given to it 
an extraordinary interest. At the base of the Hobeniian geological formations lie the 
slates which Harraude placed as Ids Ktage A (Pizihram schists), and which are no doubt 
pre-Cambrian (p. 001). Tliey are oveilaiii by va.st mas.ses of conglomerates, quartzites, 
slates, and igneous rocks (Etagc 11), wliicli have been more or less metaniorplio.sed, ami 
aie singularly bai roll of organic remains, tbongli .some, of them have yielded tiace.s of 
anm-lids {Jrein’cohtfs). They pass up into certain grey ami green fissile sliales, in 
which the earliest well-marked fo.s.sils occur. The organic contents of this Ktage C or 
Primordial zone (300 to 100 metros thick) form what Harramlc termed his Primordial 
fauna, which yielded him 40 or more species, of which 27 were trilol)ite.s, Wlonging to 
the characteristic ('finihrian genera — raradoxides (1*2), Ayimsfos (6), Conocoryphc (4), 
Ellipsocephalns (2), llpdi'ocephdus (2), Armu’ltnH{\ ), S(io(l). Not one of the.su genera, 
save Aguostus (of w ldeh four sj>ecie.s appear in thesecomi fauna), were, found hy Barrande 
higher than his Piimortlial zone. Among other ^u-ganisms in this Primordial fauna, the 

aS<j(’, (fV'o/. Sol'd, w. j>. 238 ; xxii. (1804) ; liit//. Carle, Ctol. Fraure, N«), 7 (1890), p. 74. 
Oehlert, op, at. Nos. 38 ami 44. 

* J. Bergeron, B, S. (J. F, xvi. (1888), p, 282 ; ‘ Ktiide gcologujuu du Ma.s.sif uiiciun au 
Slid <lu Plateau central.’ 1889. J. Miguel, ‘ Note sur la Gcologie des Terrains Primaire.s du 
Department de.Pih'Tuult,’ 1894, calls attention to a mass of .strata lying between the 
Idglie.st Paradoxidian beds and the hjise of the Aremg formation, into which it graduates. 
It attains u thickness of 1000 metres, .ami Is compared by liini with the Treiuadoc group. 
See also J. F. Pompeckj, Senes Jahrb. 1902, i. p. 1. 

.1. C.aralp, ‘ Etudes geol. sur les hauls mas.Mfs de.s Pyrenees centrales,’ 1888, p. 452. 
E. Jacquot, B. S. a. F. 1890, p. 640. 

^ Bi|rramle, BidL Soe. France (2) xvi. p. 513. Mai'pherson, Senes. Jahrb. 1879, 
p. 930. Barrois, Mim..Soc. Uiol. Sord. ii. (1882), p. 168. 

^ J. F. Nery Delgado, Om. Direc, Trah. <^eol. Forimjal, iii. (189.'>), p. 97. 

* H. Loretz, Jahdt. Preuss. GW. Landesanst, 1881, p. .176. Marr, (Jeid. Mag, 1889, 
p. 411. 
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brachiopoda are represented by 8j)ecies ot Orthu and Orhicula^ the pteropoda by HyoUthtm^ 
and the echinoderms by oystideans. It is worthy of note that the fossil contents of the 
zone on the opposite siiies of the little Bohemian basin were found by the same great 
pioneer to be not quite the same, only eight bjtecies of trilobites l>eing common to both 
i)clts, while no fewer than 27 species were detected by him only on one or other 
side. The Oleuidian trilobites which characterise the upper Cambrian group were not 
observed by him in Bohemia.* Later researches have modified some of the strati- 
graphical details of his work, the geological structure of the country having been found 
to be much less simple than he supposed. But the fundamental grouping which he 
established remains inui h as he left it. A portion of his Stage B, the whole of his 
Primordial zone (Stage C), and a part of the base of his Stage D (Lower Silurian), was 
grouped together by Dr. Katzer in four members as the Cambrian development in 
Central Bohemia thus : (u) Basement conglomerates, (ft) Paradoxides shales, (c) Quartz- 
greywacke group, (d) Diabase and red iron-ore group." More recently Pompekj has 
made m greater detail u study of these strata, in which he recognises two main groups ; 
a lower, consisting of sandstone.-, and greywackes passing down into conglomerates, which 
lie uncon formably on the phyllites below ; the greywackes, containing sjuicies of Orthis, 
SUnothcca, t'oiioccphulitcs, l^ychoparia {Conoirphaliteii), Solcnoplcurn^ EllipsoccpJuihis, 
Sao ; and an upper group of conglomerates and shales, with the Faradoxules fauna as 
first shown by Harrande. The first of these two groups is jiaralleled with the OUnellust- 
zone, though no specimens of Olenellus have yet been found in it ; the second group is a 
good development of the Paradoxides series of strata. * 

In Hussiun Poland the <ilder PaUeozoic formations have at their base some quartzites, 
conglomerates, and shale.s, which around Sandomiron the left hank of the Vistula contain 
abundant fragments of Paradoxides (probably P. Tessini or P, Bohernkta), Aynostus 
(.rf./td/tw and A. yibbus) with Lwstracus fjinnarssoni indicating a Middle OambriaTi 
horizon.^ 

In Sardinia a characteristic assemblage of Caiiihrian fossils has been described, com- 
prising three species of Paradoxides, six of Coiiocrphulites, five of Anomocarc^ live of 
Olcnifs, as well us other forms.** 

North America. — During the last two decades a large amount of attention has been 
paid by the geologists of the United States and of Canada to the study of the stratigraphy 
and fossil contents of the Cambrian rocks of North America, and the result of their 
labours has been to show that, whether as regard.s extent and thickness of stiuta, or 
variety and abundance of organic remains, these rocks surjiass in imjwrtance the 
corresponding European series. The European tyi»es of sedimentation are there replaced 
by a varied assemblage of materials, among which limestone plays a large jiart ; and 
this change, as might he cx[>cctcd, is accouqiaiiicd by a remarkable contrast in the 
general facies of the fossils. Nevertheless, tlio leatling type-genera of Eurojie have 
been found in their usual sequence, so that it has been possible to subdivide the 
American Cambrian system into three gioups, which can he broadly correlated with the 
threefold arrangement adopted in Euro|«;.® 

* See his colossal work, ‘Systcnie Hilurieu de 1-a Boln‘'nie,’ published in 8ucces.sive j-arts 
and volumes from 1852 up til! after his death in 1883 ; also Marr, y. J. (J. H. xxxvi. (1880). 

- F. Katzer, ‘ Das altere Palieozoicura in Mittlebohiiieu,’ Prague, 1888; ‘Geologic von 
Bohmen,’ Prague, 1892, p. 804. 

^ J. F. Poiiq^»eckj, Jcdirb. K. K. (Jertl. Kekhsamf, xlv, pp. 495-614. 

6. Gurich, Verfiandl. Russ. K. Mivxral. iiesdl. 8t. Petersburg, xxxix. (1896), p. 16. 

® C. Meneghini, Mem. Cart. Ceol. Hal. lii. Part 2 (1888). Boriiemann, ‘ Die 
Versteinerungen des cambrischen Schichtensystems des Insel Sardinieu,* Halle, 1886. 
J. F. Pompeckj, Z. D. O. G. liii. (1901) p. 1. 

* Among writers on the Cambrian palaeontology of North America a high place must 
he assigned to James Hall, E. Billings, C. D. Walcott, and G. F. Matthew. Mr. Walcott has 
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From the straits of Belle Isle the Cambrian formations of North America run through 
Newfoundland and Nova Scotia into New Brunswick. From the eastern coast of Gasp^ 
they stretch along the right bank of the St. Lawrence to Lake Ontario. In several 
approx inmtely parallel bauds they range through the north-eastern states of the Union, 
spreading out more widely in the north of New York State, and in Vermont and 
l^stern Massachusetts. They rise along the Ap 2 )alachiau ridge, striking through 
Pennsylvania, Maryland, Virginia, Tennessee, and Georgia, down into Alabama, to a 
distance in the eastern part of the continent of about 2000 miles. In the heart of the 
continent, again, they rise to the surface, and thinking tlie vast pre-Cambrian region of 
the north, extend over a wide area between Lake Superior and the valley of the 
Mi.ssissippi in the States of Michigan, Wisconsin, and Minnesota. An isolated tract of 
them is found in Missouri, and another in Texas. The great terrestrial movements 
wliich ridged up the Rocky Mountains and their offshoots have brought the Cambrian 
rocks once more to the Surface from under the vast pile of younger formations beneath 
which, during a large part of geological time, they lay buried. Hence along the axes 
of these elevations of the terrestrial crust they can be traced in many lines of outcrop 
from Arizona northwards through Utah, Colorado, Nevada, Wyoming, Dakota, and 
Montana, whence they strike far northward into the Dominion of Canada. 

In thickness and lithological character the Cambrian rocks of North America exhibit 
considerable variation as they are traced across the continent, and these changes afford 
interesting evidence of the geographical conditions and geological revolutions of the 
region in the early ages of Paleozoic time. In Newfoundland, where the three groups 
of the system have been recognised, the total depth of strata measured by A. Murray 
W'a.s about 6000 feet, of which the lower division forma only about 200 feet. In Western 
Vermont and Eastern New York the total depth of the system seems to be about 7000 
feet ; and of this great mass of sedimentary material the lower division may occupy 
perhaps as much as 5000 feet.^ Over the central parts of the continent west of the line 
of the Mississippi the thickness diminishes to 1000 feet or less ; but again to the west of 
the Rocky Mountains it increases to 7000 feet or more in Nevada, while in British 
Columbia it rises to 10,000 feet. 

In the north-eastern regions the sediments were chiefly muddy, and are now re- 
presented by thick masses of shale with a little sandstone and lime.stone. The lime- 
stones increase in number and thickness southwards in Vermont, where a considerable 

devoted himself to the subject with untiring enthusiasm and mucJi skill. His most im- 
portant memoirs will be found m the Bulletins of the U.S. Geological Survey, Nos. 10 (1884), 
30 (18H6), 81 (1891), 134 (1896), in the lOtli, 12th, and 14th Annual Reports, in Monographs 
viii, XX. xxxii. Part li. p. 440, and notices in Jmer. Joum. Sci, July, December 1892, 
January, April 1894, February 189.5 ; Proc. Washingtm Acad. Sci. i. (1900), p. 301 ; 
Proc, i^.S. yn(. Museum, x.\i, (1898), p. 385. Of great iniportonee also are the memoirs 
ou the Cambrian Rocks ami fossils of Canada, by Mr, Matthew, pnidislied in the Tratis. Roy. 
Soc, Canada, from the first volume (1882) onward.s, also in Bidl. Nat, Hist. Soc. Hew 
Brunswick, No. 10 (1892) ; Trans. Neio York Acad. Sci. xiv. (1895), pp. 101-163 ; 
XV. (1896). The stratigraphicnl relations of the Cambrian formations have been discussed 
by many writers, among whom are R. D, Irving, 1th Ann. Rep. U.S. (/. S. (1888). N. S. 
Bhaler, Bull. Mus. Comp. Zocl. Harvard, xvi. No. 2 (1888). Emerson, R. U.S. Q. S. No. 
159 ; Munogr. U.S. (f.S. No. xxi.x, (1898). A. C. Peale, li. U.S. (J. S. No. 110. N. H. 
Wiiiehtill, Amer. Oeol. xv. (1895), pp. 163, 229, 295 ; xvi. p. 269. C. R. Keyes, Joum. 
Oeol. iii. p. 519. D. B. Dowling, op. cU, p. 988. J. B. Woodworth and A. F. Foerste, 
Monog. U.S (f. S. No. xxxiii. (1899). 

^ Walcott has found Olenellus about 2000 feet below the summit of the scries, but he 
hesitate « to assume that it can really range through such an enormous thickness of strata, 
lOtk Ann. Rep. U. S O. S. p. 683. See his later section in I2th J/in. Rep. (1892), Plate ^ 
xUi. 
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fn fr» of calcareous material lies in the lower group below seTenil thousand feet of 
shale. Still further south the lower group consists largely of sandstones, which are 
followed by sandy, dolomitic, and purely calcareous limestones. In Nevada, where a 
thickness of 7700 feet has been assigned to the Cambrian systc'm, the limestones ere 
4260 feet in aggregate thickness.* 

It will be seen, therefore, that the nearest Euro|»ean parallel to the combination of 
thick arenaceous with thick calcareous accumulattons, which distinguishes the Cambrian 
system of North America, is to be found in the north-west of Scotland. In this 
connection it is interesting to note that the general facies of tlm Scottish Cambrian 
fossils, so di.stinct from that of the rocks of Wales and the rest of Euro|»e, and so much 
more akin to that of the United States and Canada, is accompanied by a markedly 
North American type of sedimentary material. 

The following table gives the classification of the Cambrian system of North 
America : ‘‘‘— 


2 

^ 9 . S 




■s a i 
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£f ^ 
£ § 
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'' Sandstones of N. and E sides of Adirondack Mountains of New York and 
adjacent parts of Canada. On the. same horizon lie the liinestones S. of 
Adirondacks and Dutchess t^niinty, New York ; and the shales of Teniies.see, 
Oeorgia, ami Alaltaiya. In the west come the sandstones of the Upp»*r 
Missi.s.sij)pi Valley, H. Dakota, Wyoming, Montana, and Colorailo, the 
sandstones and calcareous be«ls of N. Arizona, and the limestones and 
shales ot Nevada. In the far north-east are the black shales at the top 
of the New Brunswick and Cape Breton Island sections, ami the shales 
' and sandstones ot Conception Bay, Newfoundland (Belle Isle). 

( Shales and slates of Eastern Massachusetts (Braintree), New Brunswick (St. 
John), and Eastein Newfoundland (Avalon). With these typical rocks 
are correlated ]iart of the limestones of i)utche.ss County, New York 
(Stissing) and tlie central parts of the Tennessee and Alabama sections 

I (Coosa), with limestones in Central Neviula and British ('olmnbia (Mount 
Stephen). In the Yellowstone Park the middle Cambrian strata have 
yielded an abundant tauna. 

'The typical locality is in Western Vermont, where shales and limestones are 
developed. With these arc paralleled the quaitzite of W. slope of Green 
Mountains and Ai*i)alachian chain in Pennsylvania, Virginia, Tennessee, 
Georgia, and Alabama ; ilie shales and iiiterliedded limestones ami slnte-s 
of S. Vermont and New York .southward to Alabama ; the limestone, 
sandstone, and shale of Straits of Itelle Isle (Labrador), N.W. coast of 
'I Newfoundland and peuinoula ol Avahm (Placentia) ; the basal series of 
Hanford Brook Section, Calon'.s Lsland, Ac., New Brunswick ; the sliales 
and limestones of E. and S. Ma.ssachusetls (Attleborougli) ; the lowei 
portion of the Eureka and Highland ranges, Neva«ltt (Prospect) ; a portion 
of the Wasatch Cambrian Section (Cottonwood) and the. hasi- of the 
^ Ca.stlo Mountain, British Columbia. 


Reference has already been made to the view.s of Mr. W. G, Matthew in legard to 
the pre-Cambrian age of u sedimentary scries which underlies what he considers to be the 
oldest Cambrian strata of New Brunswick, ami which he has grou|)ed as “ Ktchiininian,” 
from the name of an old Indian tribe of the country. He has found in the upper half 
of this series numerous burrow’s and tracks of annelids, Ilyolithidte being also 
particularly abundant and varied. Trilobitea are rare and generally absent, the most 
frequent Crustacea being bivalve entomostraca and small phyllocarids. Brachiojiods 
are abundant, including the genera Obolvs, Lingulella, and other homy forma, the 
calcareous Protremata being rare and of small size. Some small and rare gastcropods 
have been met with, but the patelloid forms are larger and more frequent. A few small 


* A. Hague. Ann. Rep. U.S. Q. fi. 1881-82. Walcott, Monogr. U.R. (i. K vol. viii. 
(1884). 

* C. D. Walcott, BuU. U.S. O. S. No. 81 (1821), p. 360. 
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lamellibranchs {Modiohpsis) complete the fauna,, which compriRes about 20 genora.^ 
The claim of thia group of strata to be considered pre-Cambrian is disputed by Mr. 
Walcott. According to his observations the Oletwllus fauna occurs in Newfoundland 
420 feet below the Parofloxules fauna in the heart of the “ Etchiminian ” group, and in 
Now Brunswick fragments of it are found 460 to 480 feet down in that group. Mr. 
Matthew is disposed to think that Olenellm is ratlier a later titan an earlier form than 
Paradoxides, but the general e.vperience in both the Old World and the New is against 
this view.* 

Mr. Matthew has projiGscd a different classification and nomenclature of the 
Cambrian formations of New Brunswick from that given in the foregoing table. Above 
his * ‘ Etchiminian, ” series he makes three subdivisions of the Cambrian system. 1st, 
The lowest or Acadian stage (660 feet), with the zone of Ellipsoceplmlus {Agraulos) 
articsphalua, followed successively by those of Paradoxules ctenunicus and P. abeiiacus ; 
2nd, the middle or Johannian stage (1000 feet), with the zones of Lingulella Starri and 
L. radida ; and 3rd, the Bretonian stage (700 feet), with the zones of Paraboliiui apinulosa, 
Peltura amrabmoides, Dictyoimna flahdliforme, and Tetragraptus qvudribrachiatus. 
From these strata a remarkably abundant and diversified fauna has been obtained, 
which, according to Mr. Matthew, exhibits a remarkably close resemblance to that of 
the Cambrian formations around the Baltic Sea, but has little in common with that of the 
same formations in the interior of America, though only a few hundred miles separate 
them. Tlie St. John’s fauna includes fifty sfxjcies of trilobites 12, Agraulos 

or EUipsocephtilus 7, Coaororgphx 3, Panuloxides 8, and others), two genera of 
cephalopods, three of gasteropoda, four of pteropods {Hyolithes, Diplotheca, Cijrtothcca, 
StyHola)f nine of brachiopods (06o/u5 8 8|)eeies, Oholella, Linnarssonia S, Lingulella 9, 
ClUambonUes 3, Orihi« 6), besides a few ostracods, phyllopods, sponges, and soa-weeds. 
A number of giaptolites apiwar in the upper division {THctyonevia, Clonograpt.ua, 
Loganograptus, 7'etragraptus, Vulymograptus), but neailyall in thehigliost strata, which 
really belong to the Ixiwer Silurian serie.s.** 

South America. — In tlio northern j>art of the Argentine Republic a repiesentative 
of the Upper Cambrian or Olenus group has been found by Lorentz and Hyeronimus. 
It includes species of the genera Obolua, Ortlua, Hiinhlha, yiricniellua, Agaoatua^ 

and OkuusA 

China. — Baron von Richthofen has brought to light a succession of undisturbed .stiata 
(his “Sinisian formation”), which in Leao-tong and Corea attain a tliickness of many 
thousand feet. In the higher parts of this series he fouml a characteristic assemblage of 
Primordial trilobites : Co}iocory}the {CowKe.phalites) (4 s}».), Anomoeare (6), Lmltorua (3), 
Ikn-ypyge {Olenoidra ^), Agnoatua (1), with the braohiopods Lingulella (2) and Orthisil).’* 

* W G. Matthew, .Iwicr. xxii. (1898), p. 262 ; lluU.yut. IlLst. Sae. Xew Brnnsiim k, 
No. X. (1892), p. 34 ; iv. (1899), p. 19S ; (,’eol. Mug. 1899, p. 373 ; 1900, p. 87 ; Aon. Xtw 
York Acad. Sci. xii. No. 2, pp. 41, 56 ; xiv. (1895), p. 101 (where the “ iVotolenus fauna” 
is described); Trans. Roy. Ao(. Canada, 2nd ser. v. (1899), sect. 4, p. 39 ; vii. p. 138; 
Compt. rend. Cungres. (leol. lulcnud. Paris, 1900, p. 313. A large series of efiusivo and 
dyke rocks has been described as associated with the ‘‘Etchiminian senes” of New 
Brunswick, W. I). Mattthew, Trans. Xew York Acad. Aci. xiv. (1895), p. 187. 

* C. D. Walcott, Bull. Ged. Roc. Amer. x. (1899), p. 199 : \i. (1899), p. 3. Jkoc. 
Washington Acad. <Sf/. vol, i (1900), p, 301 ; Compl. rend. Cougres. fJeol. Internat. 
Paris, 1900, p. 299. Mr. Walcott a account of the fauna of the Olemil us-ront; is given in 
the 10<A Jaa. Rep. U.ii. Q. H. 1890. His description of the middle Cambrian fauna of 
the Yellowstone Park is included in Mon. xxxii. U.A. G. S. Part ii. p. 410. 

* Bull. Nat. llisL Soc. New Brunswick, No. 10 (1892), Aiijiendix, p. xi. 

* E, Kayser, ‘Beitrigezur Gedl. u. Palaeout d, Argeiitiiiischer Republik,’ Part ii. (1876). 

^ Richthofen, ‘China,' vol. iii. (1882). W. Dames compares this Chinese Cambrian 

fauna with that of the Andrarumskalk of Scandinavia : op. cit. p. 32 {ante, p. 925). Mr. 
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Iadia»— In the Salt Range a series of stratified foimationa, about 8000 feet in thick- 
ness, presents a peculiar development of the oldest Palieoroic strata, >vhich there con- 
sist of sandstones, marls, shales, beds and iweudomorphs of rock-salt and dei^sits of 
gyjisum. About 2000 feet above the base of this series lies a group known as the 
Neobolus or Khussak beds, about 100 feet thick, composed of the following sulHlivisions 
in descending order ; 

I/iwer magnesiiaTi sandstone, rontaimng I’seiuhtihcca P(y(‘f)ojHtria Rirhft'ri, and 

])a.s8Uig up into lianl clay with Lingiddla Furhsi. 

Black coniptict clay-slate: Hi'fjeria Lingulella Wnnnifck~t^ Jlgolithrs^ Ac. 

(zone of Hoejer\a SttfUi mji). 

Red sandy micaceotis beds, full of Xeofiolu4 ]V(trtki, with rV. H'vnni, Ihi^cinoli’put granu- 
lata, ruoom, Lakhmina Inujutouicf, L. Mjuamo^ LintjvUt kiurtnins, L, 

Wnrthi, F*'afdd(a, sp. . 

UpiM‘r annelid .Handstmn* ; glauconitic cream-coloured sandstone with thin alternations 
of soft beds ; OrthU Warfhi, I/yoNtln't Wt/nm. 

Blat'kisli-rcd sandstone with abundant ilynliOtcs Bynni. fragments of a trilobite and 
tracks of antuduls. 10 feet. 

Lower annelid sandstone : hard cre.am-cnlc)ured glauconitic sandstones alternating with 
thin bands of soft black sandstone, remnants of itMdhi, fragments of Hyahihea and 
annelid tracks. hO feet. 

The lowest group of the series, known us the “Salt Marl," which is some 1500 feet 
thick, has yielded no fn.ssils. The trilobite hero nutned Hoeferia is a now genus, closely 
akin to O/eneZ/iw, by wliich name it was originally noticed by Wuagon and Noetling. 
It is believed that the Neoliolus beds cannot bo later than the Paradoxidian group.* 

AuBtraJa8ia.--lii South Australia the oldest known fauna of the continent has lieen 
foiiiiii at variou.s places, and is rccogmsably Lower Cambrian. It im ludea sisjcies of 
t'on'Kt'phalitfS, (tlencllus, Mi> rodtsots, CUlamhoiiitcH, Urthia, Amhmychia, Strnothcca, 
Ophilda, riatyreraa, Saltnrlln, IJyoJitha, Profopharetra, Ifyaloafdia, and Girmnelhi.'^ 
In Tasmania a considcralile thickness of strata h placed by Mr. R. M. .lobiiston in the 
Cambrian sy.stem. The lowest gioiiji consisting of fossilifeious nuart/ites, clay-Hlatos, 
and biccei.is, ha.-i yiehled species of .SVo/ifAav, Vonocrp/uihtcs (or LiKjancflus), Rnfhyuriut, 
/iHuphua. Dikt'/iH'iphnhia, Leutivua, Odhia, Ophiicta and 


Section il. Silurian. 

Murchison was the first to discover that the so-called “Transition 
rucks,” or “(Trauwackc” of early geolog;ical literature, were capable of 
subdivision into distinct formations characterised by a peculiar assemblage 
of organic remains. As he found them to be well develo])cd in the region 
once inhabited by the klritish tribe of Silures, he gave thmn the name of 
Silurian.'* Fiom the base <jf the Old Ked Sandstone, he wa.s able to trace 
his Silurian types of fossils into successively’^ lower zones of the old 
“Orauwacke.” It was eventually found that similar fossils characterised 
the older sedimentiiry rocks all over the world, and that the general order 

Walcott inclines to believe that the fossd-« rather point to a .Middle Cainbnan fauna {livU. 
U.S. a. F. No. 81, 1891, p. 879). 

* K. A. Redlich, "The Cambrian F'aiuia <»f the Ka.stern >SaH Range." PalH'hnVdoyia 
Indica^ new ser. vol. i. (1899\ p. 1, where full referenct*. to previous authorities are given. 

^ R. Tate, Trans. Hoy. Sor. Snath Jnstr. ii. (1879), pp. xlvin. and 77 ; xv. (1892), 
p. 183. 

® ‘Geology of Tasmania,’ 1888, pp. 16-38. 

* PhU. Mag. (-3), vii. (1835), p. 47. 
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of succession worked out by Murchison could everywhere be recognised. 
Hence the term Silurian came to be generally employed to designate the 
rocks containing the first great fauna of the Geological Kecord. 

This fauna, first worked out in its stratigraphical relations by Murchison, 
was shown by him to have such a marked uniformity of general character 
as to justify him in regarding it as distinctive of a single great geological 
system. Applying the principle so successfully adopted by William 
Smith for the Secondary formations of England — “ strata identified by their 
organic remains,” — he from the first l^egan to discriminate the groups 
of sedimentary deposits by the fossils contained in them, and eventually 
classified them in a series of successive formations ranging from the 
base of the Old Red Sandstone down to the oldest stratified rocks then 
known along the Welsh borders. These formations he was led to group 
into two great divisions, each marked by certain biological peculiarities. 
The older half of his system he termed Lower Silurian, and the later half 
Upper Silurian. It was found that the stratigraphical sequence of organic 
types first established by him in England and Wales holds good all over 
the world. Rirrande demonstrated how completely the original Silurian 
classification was borne out by the abundantly fossiliferous formations of 
Bohemia. lie was fortunate, however, in finding in that country a much 
fuller record of the earliest organic types than had been met with in Britain, 
and he was led to recognise the existence of three successive phases in the 
progress of animal life during the protracted Silurian period. To the 
oldest of these phases he gave, as wo have seen, the name of the first fauna 
or Primordial zone, the second fauna was contained in Murchison’s Lower 
Silurian, and the third fauna in his Up[)er Silurian formations. While the 
broad land-marks remain as they were first set up by Murchison and 
Barrande, various modifications of nomenclature have since been proposed, to 
which allusion htis already been made (p. 917). By general consent the strata 
containing the fossils of the first fauna or Primordial zone are embraced 
under Sedgwick’s term Cambrian. As above remarked, Murchison’s 
“ Lower Silurian ” has by many writers been replaced by “ Ordovician,” 
and his “ Upper Silurian ” is in a similar manner being ousted by some 
other term, so that if this process of substitution is perpetuated, the names 
given by the illustrious author of the “ Silurian system ” will disappear 
from current geological literature. I shall continue to employ Murchison’s 
terminology, which has the claim of priority, and in my opinion is per- 
fectly sufficient for the requirements of science. 

§ 1, General Characters. 

Rocks. — The Silurian system consists usually of a massive series of 
greywackes, sandstones, grits, shales, or slates, with occasional bands of 
limestone. The arenaceous strata include pebbly grits and conglomer- 
ates, which are specially apt to occur at or near any local base of the 
formation, where they rest unconformably on older rocks. Occasional 
zones of massive conglomerate occur, as among the Llandovery rocks of 
Britain. The argillaceous strata are in some regions (Livonia, &c.) mere 
•oft clays : most commonly they are hard fissile shales, but in those areas 
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(Wales, &c.), where they have been subjected to the intensest compression, 
they appear as hard cleaved slates, or even as crystalline schists (Norway). 
In Europe, the limestones are, as a rule, lenticular, as in the examples of 
the Bala, Aymestry, andt Dudley bands, though in the Imsin of the Baltic 
some of the limestones have a greater continuity. In North America, on 
the other hand, the Trenton limestone in the Lower, and the Niagara 
limestone in the Upper Silurian division are among the most persistent 
formations of the eastern United States and Canada, while in the 
Western Territories vast masses of Silurian limestone constitute nearly 
the whole of the system. Easily recognisable bands in many Silurian 
tracts, especially in the north-west of Euro{)e, are certiiin dark anthracitic 
shales or schists, which, though sometimes only a few feet thick, can be 
followed for many leagues. As they usually conbiin much decomposing 
iron-disulphide, which produces an efflorescence of ahun, they are known 



Fig. 37<?.— Group of Slim lan (.nipfolitis. 

(<, MonograplUH prio«lou, Dronn (Weiilw'k); b, Phynograptii‘i tjims, Hall (J.o^^er AuMilg); c, liiplo. 
graptUH folium, His. (Llumlovery) ; <1, Kaiitritas i)«TepniiuK, lianrfl.laiKiovrry); t, 1>iil>moKra])tus 
Murchi.soni, Bock. (Llandello) ; /, MonogreptuH Hedgwiokii, Purtl. (Llandovery); g, Dictamv 
graptUH minosus, Hall (Llandello) ; h, Tetragrajitiw llickaii, Hopk. (Low«*r Arenlg), 


in Scandinavia as the alum-slates. In Scotlaml, they are the chief reposi- 
tories of the Silurian graptolites. Their black, coal-like aspect has led 
to much fruitless mining in them for coal. In the northern part of the 
State of New York, a series of beds of red marl with salt and gypsum 
occurs in the Upper Silurian series. Still more ancient is the group of 
saliferous and gypseous strata in the Salt llange of the Punjab, which has 
been above (p. 933) referred to as enclosing relics of the Primordial zone in 
the Cambrian system. In Styria and Bohemia, important lieds of oolitic 
haematite and siderite are interstratified with the ordinary greywackes 
and shales. Occasionally sheets of various eruptive rocks (rhyolites, 
andesites, diabases, diorites, &c.) occujr contemporaneously imbedded or 
subsequently intruded in the Silurian rocks (Wales, Lake District, H. 
Scotland, S.E. Ireland, &c.), and, with their associated tuffs, represent the 
volcanic ejections of the time. 
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Inasmuch as Silurian rocks have suffered from all the subsequent 
geological revolutions which have affected the regions where they were 
deposited, they now appear inclined, folded, contorted, broken, and 
cleaved, sometimes even metamorphosed into crystalline schists. Only 
rarely, as in the basin of the Baltic and in New York, do they still remain 
nearly in their original undisturbed positions. 

Life. — The general aspect of the life of the Silurian period, so far as 
it has been preserved to us, may be gathered from the following summary 
published by Bigsby in 1868 — plants 82 species; amorphozoa 136; 
foraminifera 25: coelonterata 507; echinodormata 500; annelida 154; 
cirripedes 8; trilobita 1611; ontomostraca 318; polyzoa 441; 
brachiopoda 1650; monomyaria 168; dimyaria541 ; gasteropoda 1253 ; 
cephalopoda 1454; pisces 37 ; class uncertain 12; total 8897 species. 
Barrande in 1872 published another census in which some variations are 
made in the proportions of this table, the totid number of species being 
raised to 10,074. No recent conspectus of the Silurian fossils seems to 
have been published, but their number during the last thirty years has 
been considerably increased. 

The plants as yet recovered are chiefly alga*. In many cases 
they occur as more impressions, which, like those of the Cambrian 
system, are often probably not of vegetable origin at all, but ‘casts 
of the trails or burrows of worms, crustiicea, tVc.^ Among the most 
abundant genera are Hiftholrephis^ Arfhrophi/nt.<, PuliVophynta, aTid Nemutn- 
phytm (('arruth,). Remains of calcareous alga?, howcvcn’, have been 
detected (Lower Silurian Solenaporaj Rhahihporella). The Upper vSilurian 
rocks of Edinburghshire have yielded beautifully preserved sjiecimens of an 
organism believed by Siilter to be a sefi-weed like the living GeWhuvi or 
PWamiuiUy which he named Chondrites verhimilhr 'IVaces, howe\'er, of 
what may have been a higher vegetation have been disco vtjred, which 
are of special interest as being possibly the earliest known reniaius of 
a land-flora. Many years ago certain minute bodies (Parh yfheca) in the 
Ludlow bone-bed w^ere regarded as lycopodiaceous spore-cases, but doubt 
has been cast on their organic grade, and it has been suggested that 
they may oven prove to belong to an alga. Hicks obtained from the 
Denbighshire grits of N. Wales what he considered to be spores and 
dichotomous stems, that were probably lycopodiaceous {Ilerwynin).^ True 
lycopods (Lepidodendmn or Sagenaria) have been met with in what are 

* Ante, p. 911. Nsthorst {Kongl. Si^nsk. Vet. Akmt. Hamit, wiii. (1881) h.is imitated 
some of these luarkinga by causing crustocea, annelids, and niollu.sks to move over wet mud 
ajid gypsum, nud Inw thus shown the high probability that they are not plants. (See Geol. 
Mag. 1882, pp. 22, 485 ; 1883, pp. 33, 192, 286.). Nathorst’s opiuion, adverse to the plant 
nature of the markings, i.s strongly opposed by Snporta in his ‘ A. propos drs Algnea Fossiles,’ 
1882. 

** The reference of this genus to sea-weeds has been questioned. A somewhat similar 
fossil {(MoiUocanlis) from Central Wales ha.s been described as a dendroid graptolite, A. C’. 
Seward, ‘ Fossil Plants,’ 1898, p. 147. E. Stolley has described a number of siphoneous algre 
obtained from Silurian b 9 ulders in the North German Drift, Heues Jahrb. 1893, ii. p. 135. 

* Q. J. G, S. 1881, p. 482 ; 1882, pp. 97, 103. The vegetable nature of these remains 
is perhaps doubtful. 
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said to be Upper Silurian rocks in Bohemia^ The Taniie Greywacke of 
the Harz and adjacent districts has yielded a nural^er of land-plants, 
including ferns (Sphnoptetiiiiim, two or more species), and others 
referred to Cyclostujma (C. kerctrnium\ Siigmaria, Jifteimihmiks?, 
Aspuiiopsii, From the Clinton limestone of Ohio a portion of what 

may bo a lepidodendroid tree (Glyptodendran eatonense) has been obtained. 
The Cincinnati and Lower Helderberg groups of eastci'ii North Aiiu'rica 
are said to have yielded a microcosmical representation of the Carboni- 
ferous flora.- The land of the Silurian j)eriod probably had a cryptogainic 
vegetation in which ly copods and ferns played the chief part.'^ 

In the fauna of the Silurian rocks, the most lowly organisms known 
are Foraminifera, of which several genera, including the still living genera 
Ltigeua and Sa(‘cammi)Wj have been det(*cted. Certain layers of chert., 
widely spread over the south of Scotland, have yielded u})M'»nls of a 
dozen genera with more than twenty species of li^uliolaria.'* Tln^ Siluriatj 
seas posse.ssed rcpr.esentatives of the siliceous sponges of modern times. 
The lithistid forms are exemplified in the Avloapium, A .diflospirngia and 
(\irijosptmtjm of the Lower, and in the Carymimumi and Jhndia of the 
Upper Silurian series. The he.vactincllid typos appear in genera belong- 
ing to the Dictyospongid®, the Plectospongid®, and the genera Amphi- 
mponghy Astroconio, IltfaloaiAia, and Asti\rospoiigiii. Of the puzzling genera 
Rerc'ptnndiU's and hchmlites, the true relationshijis have not yet been de- 
termined. ^J'hey have lieen considered by some as alga', by others as 
foraminifers, and by Dr. llinde as sjiongcis. KididHrs, too, though a. com- 
mon fossil, is still a subject of uncertainty as to its (>rganic grade, the 
latest view being that it may be related to the polyzoa. 

Corals must have swarmed on those parts of tlic Silurian sea-floor on 
which calcareous accumulations gathered, for their remains are abundant 
among ‘the limestones, particularly in the upper division of the system. 
The rugose coials make their appearance in the Lower and reach their 
maximum development in the Upper Silurian rocks. They are re.pre- 
sented by numerous genera and species (SfirpHama^ Ctpdhojifiyllum, 
Pti/t'htgjhglluni:, Veirnia^ Omphgma, CystiphyUmiij SiromhAr^ (A rnrhnophyUinn), 
Acnvnlui'Ki (Fig. .‘ 181 ). Perforate <*orals were represented by Cnlodylis 
and Prof Knot. Numerous tabulate tyjies occur {Farosde.^, ('(ilaporr.in ~~ 
(\)huiiiwponfj Pachyponu Synngolifen, AlveoliUs, Cfadopora, Syringuporu^ 
UolyAtes or chain-coral), and are regarded liy recent writers as Alcyo- 
narians. Mo/dirulipom may also be an Alcyonarian, but is referred by 
many authors to the Polypora. JIAwlik^ is a con.spicuous form, and 
resembles the living Alcyonarian Ihihpmi. So abundant were .some of 

’ H. Potonu*, Ahhaiui, K. Preuss. OVi»/. Ltindesanaf, Ni-uc Folgi*, Heft 36 (1901). 

* L. Lesquereux, Aimr. Jourv. S^n, (.3), vii. p. 31 ; Proc, Amer. Phif, Soe. xvii. j*. 168. 

*- Zeiller, however, in hi.q recent Tc\t-1»ook rt'iiiarkK that the evi«lence for the exi«tence nf 

any plants in the Silurian i)erlod of higher grade tlian algm is exieedingly meagre. The 
atndent will find a valuable compendium of information by L. F. Ward regarding the fossil 
floras of past time all over the world in the 8f/i Rejt. U.S. (i. S. Part ii. 1889. 

* G. J. Hinde, .Inn. Mag. Nat. Hisf. 1890, p. 40 ; y. J. O’. S. Iv. (1899), p. 214, and 
Messrs. David and Pittman in same volume, p. 16. 
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the corals on the Hoor of the Silurian sea as to form reefs there, composed 
almost wholly of their calcareous skeletons, mingled with remains of 
crinoids, bryozoa, and mollusks. 

The Hydrozoa were abundant in the waters of Silurian time. The 
Stromatoporoids helped by their aggregates to form sheets of limestone. 
The plant-like branching Dklyoneiaa (Dictyograptus) we have found to be 
characteristic of the strata at the top of the Cambrian or base of the 
Silurian system. But it was by the great extinct tribe of the Graptolites 
that the Hydrozoa were nvost fully represented. As already stated, these 
organisms are so characteristically Silurian that they serve to distinguish 
the Silurian from other formations. Some of them are monoprionidian 
forms, that is, are furnished with a single row of cells; others are 
diprionidian, or possess two rows of cells, while in some genera both these 
features arc united, as in Dvramgrapim^ where two single-celled branches 
arc given oft’ from a double-celled stem. The genera Mmogwptus (of 
which ui)wards of forty species have been found in Britain), Bastrites and 
Cytiograptiis are characteristic gf Upper Silurian, LeptograpUis, Steplwno- 
gniptm ( - ( Wiwgntptus), Didynwgrdptu.% Phyllograpiwi, LisiograpiuSy Tetni- 
gmptu.% DkhogrnptnSy Dkellograptus and Dicranograptus of TiOwer Silurian 
rocks. DiphgmpiuHy Climac.ogr(t,ptus, and Betiolites are found both in Lower 
and Upper Silurian strata. Through the researches chiefty of Professor 
Lapworth it hits been iiscertained that the species are confined within 
comfwiratively narrow limits, although some of the genera have a con- 
siderable vertical range, and hence that graptolites may be used to 
mark definite jMiheontological horizons.' He has enumerated twenty 
recognisable graptolite zones, one in the Upper Cambrian, eight in the 
Lower Silurian, and eleven in the Upper Silurian formations.® 

The Echinodorms of the Silurian seas were extremely abundant in 
individuals as well as varied in genera and species. They comprised 
representatives of the great divisions of this sub-kingdom. The Crinoids 
or sea-lilies appear among the Lower Silurian formations in the genera Beteo- 
crim.% Archn’ocriniiSy OlypiocrimtSj HyhocrimiSy AnmmlocrinuSy HeterocrinuSy 
CastocrimiSj Dendrocrinu.% and the Upper Silurian forms include Dimm)- 
crims (Thysanocrinus)^ Cyphocrinua {liyptiocrinus)^ Lyiiocrinusy MelocriniiSy 
CaknomnuSy Gissocrinu^y and many more. The Cystideans, as already 
stated, attained their maximum development during Silurian time, 
scarcely a dozen of the 250 described species being found above the 
Silurian system. Among the genera may be mentioned AristocystiteSy^ 
SphferoniteSy Echinosphmritesy CryptocrinuSy GlyptocystikSy PleurocystiteSy which 
occur in Lower Silurian strata, and Megacydites {Holocydites)y CaryocrintiSy 
PseudocrimiSy Lepadocrinus (ApiocystUes) in the Upper division. The 
Blastoids are represented by the primitive forms Asteroblastus and 

* Tl»e student should codmU Professor Lapworth's monograph, “On the Geological 
Distribution of the RhalKlophora '* (.-Inn. Mag. yaf. His. ser. 5, vols. iii. iv. v. aud vi. 1879, 
1880), in which the geological significance of the graptolites is fully discussed. 

Op. dt. vol. V. (1880), p 197. 

^ It should be mentioned that some palteontologists would shorten these generic names 
thus ; AristfKystiSy Sphssronisy Eckinoythm-ay he. 
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Troostocrinus in the Upper Silurian series of North America. There 
were likewise early forms of ophiuroid or brittle-star (Eucladui^ hipworihuray 
Protasiery Upper Silurian) and of asteroidea or star fishes {PaJmster^ 
Palaocmay Lepidasfer). The earliest known sea-urchins ai*e met with in 
Lower Silurian strata (Bothi'iocidims)^ and others belonging to the genera 
PalaecJiinus and Echinocystk are found in the upper division of the 
system. The Annelids of the Silurian sea-bottom comprise*! representa- 
tives of both the tubicolar and errant orders, 'fo the former belong 
some species of the still living genera Spirorhis and Seipuhi^ together with 
some forms doubtfully referred to this division of the animal kingdom 
{^OornulitcSy OrtonUif CotichicoliteSy Seipiilites). Ihe errant forms are know’ii 
chiefly by their burrows or trails, which appear in immense profusion on 
the surfaces of shales and sandstones {Arenkuliki^y NereiieSy iycdithuSy 
Crossopodwy &c.), but also by their jaws, which occur in great numbers 
in the Wenlock and Ludlow rocks. ^ 



Fik. 377.- Onnip nf FoxhjIs. 

1. OOhocfi-as crereesiensp, Hicks ; 2, Bellerophon lliinvirn**nBi8, Hicks ; 3, Orthis cslllKnininia, 
Dalm. (enlarRwl); 4, Rcdonia anKlIca, Salt. ; 5, Faltcnrra Binyg«lnliift, Sail. 


The Bryozoa or Polyzoa appear in considerable number and variety 
in the Lower Silurian forination.s, where they occur in cyclostomatous 
(Stromatoporay DiastopcriiuLy Protocrisiruiy Mitrodemo, ( 'eramoporelUiy I istuhporajy 
trepostoraatous (^Monticulipora, Heteroirypdy CalloporOy TrematoporUy ^ondr 
lariuy Bythoparay Amplexopw'ay &c.) and cryptostomatous forms (Pmodictyay 
Rhinididyay ArthrostyluSy Fenesklky Phyllojmmi). 

The Brachiopods atUiined their maximum diversity and iraportence 
during the Silurian period. From the <leposits of that time upwards of 
2600 species have been named. They include representatives of fh® 
orders. The atrematous forms arc shown by species of hirwholm JAnguUiy 
&c. ; the neotremata by AcrotretUy Siphonotreia, Trenmiis, Orhicumdeay 
Sehizotretay Crania, &c. ; the protreroata by many gencr^ including 
Eichtmldia, Leptssna, Strophamena, Clumeks, Orthu (Fig. 377, of which 
about 400 Silurian species are known), especially abundant in the Lower 

^ G. J. Hinde, Q J. 0. S, 1880, p. 368 ; Bihang. Svensk. Vet. Akad. Uandl. vi. (1882). 
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division ; (Jlitambonites^ Pmmhonites (Lower Silurian), Strieklandiniaf 
Pentamrus (Upper Silurian), and the telotremata by some primitive 
forms of the Khynchonellids (PrdorhyncJui), by more typical genera of 
that family (Ortfu/rhynchula^ Rhyruihotrfta, without any species of the 
actual genus Rhynchonella, which probably did not make its appearance 
until after Palaeozoic time) and by a number of Spiriferid genera 
(Atnjpa, Zygospira^ Spirifer, Cyrtia, Homcnospini, Meristina). 

Every one of the five classes of the sub-kingdom Mollusca had its re- 
presentatives in the Silurian seas.* Among the Lamellibranchs may be 
enumerated Orthcmota, Vlastiiy GrammysiUf Antipleuray Pi secardium^ Ctenn- 
donta,^ Ntffula, Nvmlami ( — Leihi)^ Cyriodonia^ Pimnea^ Lyrodema^ 
Modinlopm* Alhlesma* The Scaphopods appear in species which closely 
resemble th(i living I the Amphineura in one or two genera of 
Chitons {IlAminthorhiton, Prlmchitm.*). The Gasteropods show a marked 
increase in variety and number of species over their Cambrian pre- 
decessors. They are still comparatively simple in structure, and include 
some primeval limpets. Characteristic genera are MeUrptoma, Lepefvpsis^ 
Palmcnmi, 'Tryhluliiwi^ Plenrotomarin* Raphistornn^* Cipiolitf's^* RAIerophm, 
PlatysrJiimttf Euomphaliu% Mitrlurm* OmphdoirorhuSy* CyclonemUf^ Macro- 
clieiluSy Scalifes* Ifolojmy*' Pktfyostoviay Tentaovlites,^ Pterotheca, ComlariaJ^ 

That the salt waters of the Silurian ora swarmed with Cephalopods 
may bo inferred from the fact that, according to Ikirrande’s census, no 
fewer than 1622 species had then been described. They are all tetra- 
brufichiato, and include all the suborders of the Nautiloidea. Those of 
the holochoanite (IHplinnnnocfras* Vagmu'miHy"'^ KndocerasA PiloerraSy* 
Cyrtendoenns^) and of the mixochofinite divisions {Clioam}(r}n.<y^- /Iphrtig- 
mites, Ai^cormis, Olossm’ms) arc distinctively Silurian, and die out in this 
system. The orthochoanite forms, of which the living nautilus is an 
e.vample, abounded in numbers and variety of types. The genus Orthocem^ 
was especially coTispicuous ; Ikrrando described upwards of SoO species 
from the basin of Bohemia alone. Among the other types mention may 
here be made of CijdoecriUy^ dfeiurcraSy* KionoernUy Deltocna^y* Lifoceras,* 
Piscocem.^,^^ PlerfoccraSy-^ OphidioemUy LHuifes,^ JfercocmiSy Lojwera.'iy^ 
AAinoremHy^ Jovdlnnia, Ri^omaHy Ooceras, OnroceraSy* PotfrimiraSy* 
Trimeroceras, PhraguuKeraHy to which many other genera might be added. 

Crustivcea are abundantly represented among the Silurian formations, 
more especially by the extinct tribe of the Trilobites. These organisms 
had already attained a considerable development in Cambrian time, but it 
was in the early part of the Silurian period that they reached their 
maximum in numbers and variety. Thereafter they appear to have 
rapidly declined during the Upper Silurian and Devonian ages, dying out 
finally in Uermian time, A few of the Cambrian genera survived in the 
Silurian waters (Agnosfns, Asaplim^y Cheininis). But a host of new' forms 
made their appearance. Among these the following genera are character- 

' Tile genera marked with an asterisk are found in the Lower Silurian formations, but 
some of them are certainly or probably also Cambrian, such as Ctenodmta, PUnrntimnria, 
RaphUtonuty OyrtditeSy BellerophoHy Offygia, ChdrvniSy Loperditiay Bq/rirhia, PrimUia, and 
Cf-ratiomris : those with no sign have been met with in the Upjier only. 
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istic: HaiyeSy* Trinudeus^* Triarthrus* Ogygia* JUmius* LichiSy* 
Addaspis* Enaiimrus,* Pkuiaparia* Calymene* Cheirunis* Sph^rejr<tcJmf* 
PJiacops, Trimerocephalus. Some of the genera of trilobites are world- 
wide in their range, such as Agnostm^ Cotmorgplie^ Paiddoxidcs, Trinudeiu^y 
Asaphus, lUasnuSf Acidaspis^ Lu'ha.% Calymenet Cheirurm^^ Phactg^s and some 
others. “ The majority of forms, however, are extremely limited in dis- 
tribution, so that a large number of genera found in Sweden, Bohemia, 
England and North America, are unknown outside very restricted areas ; 
and the total number of species common to both sides of the Atlantic 
is very small."' The bearings of this subject on the discussion of 
Silurian geography will be referred to a little farther on. 



Fin. 3TS. -(Jjotip of Low*t ^llull:^ll I J il'.VltfS. 

I, lllwniis Davisii, Salt (J) ; 2, ('«lyniPii« bm u apitaU, Poitl . Ogynm Hiu-hii, Umnnii (i); 4, 
AsaphuH tyrannus, Miircb. (,>,). b, Ainpyv Murcli. (i). * 5 , .hnliua biiiodosa, Halt. , 7 , 

AcidaapiH .laineNii, Salt. ; S, Trinucleus I.loyihi, Mundi 

The Ostracod Crustacea, which arc first found in the upper part of the 
(Cambrian system, reach a much greater a)>undanee and variety among the 
Silurian formations, where they include the genera Lt'parddia,* LepnditeUa^* 
hochUimi,'"'^ Beyrichw,^ Pmtntw^ Klordinia,'^ and likewise some early 
cyprids {Bairdia^^ Macrucyiiris,^^ PvnhKypn^) and Cyflirtrlla^ Entomis^* 
Cypridirut.'^ Early forms of barnacles are found in Lfpidondfus* and 
Turrilepds* The Phyllocarid cru-stacea made a marked a<lvancemcnt in 
Silurian time, where they w'ere represented liy sjiecies of CV/a/ioaim,* 
Physoairia, Discinocaris, Prliocam,^ and others. That the Amphipods had 
already come into existence in Silurian time has been Hupjxiscd to bti 
indicated by the Nnrogamimmi^ of the Ludlow group of strata, but this 
form may prove to be a myriapod.- The Merostomata, of which at least 

’ Zittel’s ‘Text'1x)ok of Palaeont«lo};y,' i. (1900), p. 037. 

* B. N. Peach, Proc. Roy- Phys. Edin. mv. (1899), p. 113. 
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one form had already appeared in the Cambrian system, come into great 
prominence among the Upper Silurian formations. Besides a few Hemi- 
aspidaj the important order of Eurypterids attains a striking development. 
Among its Silurian forms are species olEurypterus^ DolichopUrnSy Eusarcus, 
Slimmiay Stylonums, Pterygotus. Some of these organisms attained a 
gigantic size, specimens of Enrypterus measuring fifteen inches in length, 
Stylonurus sometimes nearly five feet,^ while Pterygotus occasionally 
exceeds six feet. 

The fiist tiaces of vertebrate life make their appearance in the 
Silurian system. They con.sist partly of the plates of a curious group of 
fish* like animals designated ostracoderms, the true organic grade of 
which is still matter of dispute, though they were formerly classed as 
fishes {Pteraspis, Cyaffiaspis, CephalaspiSy Thyestis = Auctienaspis), but since 
they seem to have been without a lower jaw, they are regarded by some 
writers as below the rank of true fishes. They are distinguished by the 
great strength of their bony covering. The bone-bed of the Ludlow 
rocks long ago yielded certain curved fin -spines (Onchus) of an 
elasmobniiich, which resemble the dorsal spines of the living CestracioUy 
and some shagreen-like plates which have been supposed to be scales of 
ostracoderm fishes {Sphagodusy Thelodus)y and bodies like jaws with teeth 
which were called Pledmius, but which are now known to be lateral 
shield-spines of a cophalaspidean form (Eukeraspis). It is probable that 
some of these remains have been incorrectly determined, and may belong 
to crustaceans or annelides. The so-called “(’onodonts” (a?de, p. 913) of 
the older Palieozoic rocks of Europe and North America, originally 
supposed to be the teeth of such fishes as the lamprey, w^hich possessed 
no other hard ptirts for preservation, have been also referred to different 
divisions of the invertebrata, but paheontologists now regard them as 
probably in most cases the jaws of annelids, ^ Kecontly some remarkable 
discoveries of true fishes have been made by the (Jeological Survey in 
the uppermost group of the Upper Silurian formations of Central 
Scotland. A number of small sjiark-like fishes have there been found 
belonging in some cases to new genera {Lanarkia, Birkenia, Lasanius)y 
together w’ith now species of the old genus Thelodus. Some of these 
forms (Liimrkui) were diminutive, from two to five inches long, covered 
with a shagreen of small pointed and striated spines. The Birkenea is 
a new typo which, though its head is covered with narrow scutes instead 
of a large shield, resembles Cephal-aspiSy and like it may belong to the 
Ostracoderms.^ 

Up to the present time no trace has been detected of any vertebrate 
land-animals of Silurian age. In Sweden, France, Scotland, and the 

^ For a restoration of this form, .see Oeol. Mag. 1900, p. 481. 

Zittel and Rohon, Siith. Bayr, Akad, Munich, 18S6, p. 108. According to Dr. Rohon, 
however, all “ Conodonts ” are not aunelidian, but include undoubted teeth of fishes with 
recognisable dentine, enamel, and pulp-cavity {BvU. Acad. St. Ptiersb. xxxiii. (1890), p. 
269). A valuable work of reference is the British Museum ** Catalogue of Fossil Fishes.’ 

• R. H. Traquair in Suvmary (if Progress of Geological Survey for 1897, p. 72 ; and 
Trans. Bay. Soc. Min. xxxix. (1899), pp. 827-864. 
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United States, however, the discovery of remains of arachnid and insect 
life in Silurian rocks may herald the ultimate detection of higher 
forms of life. In the Upper Silurian strata of the island of Gothland 
a true scorpion has been discovered, wliich appears to differ but little 
from recent forms, though in its walking legs it was of a more primitive 
type. It was believed by its original describer to possess breathing 
stigmata, and thus to have been an air-breather.^ I^ater research, however, 
appears rather to indicate that the creature possessed no stigniaUi, but 
probably breathed by gills and was aquatic.- Subsequently more perfect 
examples of the same genus (Palmphonus) were described by Mr. Teach 
from the Upper Silurian rocks of Lesmahagow, I.anarkshire (P"ig. 383). The 
presence of a poison-gland and sting at the extremity of the tail indicates 
that, like their modern representatives, these animals jncyed on other 
denizens of land or water. Soon after the European discoveries, the 
finding of a scorpion {Proscorpiua) in the “ Waterlime ” (Uj)per Silurian) 
of New York was announced.^ These specimens seemed to lift the veil that 
had concealed from us all evidence of the terrestrial fauna of this ancient 
period of geological history. If there were true scorpions on the land, there 
were almost certainly other land-animals on which they lived. Mr. Peach 
has 8Uggeste<l that they may have fed partly on marine jTUstacean eggs 
left bare by the tides.* A myriapod (Arcliidcmn.^) has been found* in the 
Upper Silurian rocks of Lanarkshire. That true insects also existed has 
been made known by the discovery of an orthopterous wing {l\dmMattwa) 
in the Lower Silurian (probably Caradoc) sandstone of Junpies, Calvados.® 
It measures about 1 J inch long, and is distinguished by the length of the 
anal nervure and the small breadth of the axillary area. A hemipterous 
wing {Protocime,!') has since been obtaiiicd from the lower graptolite shales 
of Sweden.® We may Imj confident that these are not the only relics of 
the Silurian terrc.strial fauna that have been preserved, and we may hope 
that still more remarkable treasures are yet to be unearthed from their 
primeval resting-places. 

A survey of the general character and geographical distribution of 
the earliest known fauna suggests some interesting reflections regarding 
the climate and physical geography of the earth during the long lapse of 
time denoted by the Cambrian and Silurian formations. The profusion 
of corals in some of the limestones, which may be regarded as equivalents 
of modern reefs, suggests that the temperature of Ihe ocean was generally 
warmer in extra-tropical regions than it is now. We cannot, indeed, 
affirm with certainty that the Palwozoic reef-biiilders, like their living 
representatives, required a temperature of not less than 68 ' Fahr. But 
in the absence of any indication to the contrary it may be assumed that 

^ G. Lindstrora, Compter rend. seix. (1884) ; T. Thorell aud G. Lindatrom, K. ffvensk. 
Vet. Akad. Jlandl. xxl No. 9 (1885). 

* Pooock, Qmrt. Jour. Micro. Science, xllv. (1901), p. 291. 

» R. P. Whitfield, Scienee, vi. (1885), p. 87. 

^ B. N. Peach, Nature, xxxv. (1885), p. 296 ; Trans. Roy. Soc. JSdin. xxx. (1882). 

* Ch. Brongniart, Comptes rend. xeix. (1884), p. 1164 ; Oeol. Mag. 1886, p. 481. 

* J. C. Mobei^, Oeol. ^rm. Stockhotm, xIt. (1892), p. 122. 
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they did. In that case we see that even up to as high a latitude as North 
Devon (7 S'" N.), where Silurian coral-limestones have been observed, the 
waters of the ocean were comparatively warm. This inference is 
strengthened by the remarkable extension of the Silurian fauna over a 
large part of the surface of the globe. The assemblage of organisms 
at the base of the Silurian system (the Euloma-Niobe- fauna), which 
extends from Swedish Lapland to Languedoc, shows, as Professor Brdgger 
has pointed out, that no marked difference of temperature can have 
existed between the 43rd and 65th parallels of north latitude.^ The 
Silurian fauna has been detected even as far north as Northern Green- 
land and Grinnell Land above latitude 80^ It spreads likewise into 
the southern hemisphere, where, in Tasmania, Victoria, South Australia, 
and New Zealand, some of the characteristic genera, and even some of 
the welLknown species of Europe and North America, have been obtained. 
This world-wide diffusion may be taken to indicate the prevalence of a 
tolerably uniform and probably rather warm temperature over the globe 
even far up into Arctic latitudes. 

While a number of the Cambrian and Silurian species are of universal 
occurrence, there is sufficient diversity between the faunas of certain 
geographical areas not far removed from each other to indicate a want of 
direct connection between the seas in which these organisms lived, and 
thus to furnish us with some clue to the probable distribution of sea and 
land during early Palaiozoic time. Allusion has been made above to the 
local character of many of the trilobites, and the small number of species 
that appear to have migrated between the Old World and the New. 
This contrast comes out even between the faunas of neighbouring tracts 
of the same continent. In Europe, for example, a striking difference has 
been remarked between the older Palaeozoic trilobites of the northern and 
north-western countries and those of the central region. “While the 
majority of northern genera and species are common to Great Britain, 
Scaiwlinavia, and Russia, the forms of the central European provinces, 
(Bohemia, Thuringia, Fichtelberg, the Hartz, Belgium, Brittiiny, Northern 
Spun, Portugal, the Pyrenees, the Alps and Sardinia) are so dissimilar as 
to stand in closer I'elationships with the North American than with the 
first-named trilobite fauna. Of the 350 species found in Norway and 
Sweden, and of the 275 in Bohemia, only six are common to both 
provinces, and it is doubtful if these are really identical.” - A somewhat 
similar contrast has been noted in North America between the general 
Upper Silurian fauna of the Mississippi valley and that of the SUite of 
New York. The former includes a number of peculiar and highly 
specialised forms, which it shares with Northern Euroi)e, but which are 
not found in the Upper Silurian strata of New York, such as the crinoids 
Crotalocn7myClottocrinus(Chryvibomnuf!),Pi/cnosacciishndPf!tidocrimis,thecor&\ 
Goiiiophyllum^ and the peculiar little twisted brachiopod Streptis. Mr. 
Weller infers that the Silurian sea, which was directly connected with 
Europe, stretched from the north in a long tongue down the heart of the 
* Syt. Mag. xxxvi. (1898), p. 236. 

“ Zittel’s ‘Text-book of Pal®ontology,’ voL i, p. 637. 
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American continent, and was not immediately united to the waters in 
which the New York fauna lived.^ 

From evidence of this kind, carefully collected and collated, the 
geography of former geological periods may be in some measure recon- 
structed. Various tentative eftVirts in this direction have been made, but 
much fuller information is re(iuired before the results Ciiii be regjuded as 
based more on ascertained fact than on ingenious conjecture. 

§ 2. Local Development. 

Britain.'^ -In the typical area where Miirc-hiaon's discoveries were first made, he 
found the Silurian rocks divusihh* into two ^loat and woll-mai ked sciics, which he 
termed Lower^and U^jiper. This classilication has been found to hold good over a largo 
part of the world. The siihjoined table sh'iw.s the arrangement and nomenclature of 
the vaiious subdivisions of the Siluiian system : - 

Feet. 

I ‘i. Luillow group . appioxiiuate aveiage thickness It^UO 


UiM-EB Sn.uniAN. I 2. Weulo< k group . ,, 1600 

(,1. Llaiulovery group ,, 2500 

( 3. ('arudoc or hala gioup ,, 6000 

2. Llandeilo gtoup ,, 2000 

1. Areiuggioup . ,. 2000 


Lowkk iSiLL'iiiAN. --The typical sulMlivisioiis in Wales and Sliro]»shiie will first 
be dest ribod, and afterwards the development of the series in other jiarts of Britain. 
It will be lemeijibeicd that on tiie ground of the ]iaheontological evidence the Tre* 
madoo gioiip (p. 021) uiiglit be most fitly placed at the base of the Siluiiiiii system, but 
that ill defeieiit f to long e.itablishe<l lusage it Ins heie been letained in its old jdnee 
at tlie tn[i of the (\unliiiau seiies. We see ill it the advent of the rich tiilohitic fauna 
by which tin* Siluiidii lormalioiis are distinguished, the Asajihidie, TiiniiLleida', 
C'heiruridie, and other tribes. Heneatli it only a tew giaptolitcs are found, and hardly any 
t‘pphah»pods, Init above it giaptolitts umie in with extiaordinary \ariety and number, 
and cephalopods rapidly iiieicase also lit imp<nt.iii( e among tlie fossils. 

1. Arcing (Jroup.--Thesc rocks consist of daik slate.s, shales, Dags, and bands 
of .saiidaloiic, which |wss down conformably into the Ticinadoc gioup of the Cambrian 
series. They aie abundantly devcloj>e<l in the Ai**nig iiivuntain, where, as originally 
described by Sciigwick, they inclutlc masses of as.sociated volcanic locks. In their 
abundant suite of organic remains (Fig. 377) iicwg< iiera of trilobitosinakc their a])pearance 
{A!gHna, liarrandia, Cnlymeiie, Homnlonot If/teimjisU. Illwmn, Phiicopn, J^fucoparin, 
Trtnnch-vji). Pteroi^ods are represented by sjM'ciesof CoinUurlu and Jlyolithes ; hrachio- 
}>ods by Lingula, Linyuklla, Manubdina {OhdeUa), end Orth is ; laniellihianehs by 
Palsearai, Judonia, and Jiibciria ; gasteropod-s by Uphilcta, Plrurotumnna, JkUrrnphon, 
and Madurca ; and cephalopods l>y Orthorenfs. But the most abundant organisms are 
the graptolites, of w’hich no fewer than twenty geneia have bc«>n found in the Arenig 
rocks of Britain. 

Professor Lapworth divides the Aienig group into two parts, a Lower and an Ujij>er, 
and he states that in the lower part the genus Tetrugraptm (Fig. 376), is cs]>ecially 

^ S. Weller, Jiftiru. (Jed. vi. (1893), pp. 692-703. 

See Murchison’s ‘ Silurian System,’ and ‘ Siluria ’ ; Sedgwick’s ‘ Syno]jhis‘ (cited p, 915) ; 
Ramsay’s “North Wales’’ in Mcmuirs of Utol. Siuv. vol. iii. ; Etheridge, Address, 
y. J. <]. 1881 ; numerous local memoirs in the J. O. ,V. and /»W. Mug,, particularly 

by Hicks, Ward, Hughes, Keeping, Lapworth, &e., to some of which refeience is made in 
subsequent i>ages. 
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characteristic, and does i^ot occur on any higher or lower horizon. Here he places the 
lowest Silurian graptolitic zone, that of Tetragraptus aerra {bryonoidea). The genera 
Loganograptjis, Cloiograptus, Schixograptua, and Diehoyraptua are probably also peculiar 
to the same strata, as well as the species Didymographta extanaua, D. pennatviua, and 
the only known examples of }Uiu)graptua. According to this classification, the upper 
part of the Arenig group (zone of lHdymogra})tua bifidua) is especially marked by the 
presence o( Phyllograptus (Fig. 376), in association with forms of Dvlymograptus like IJ. 
bijtdua. Species peculiar to it, besides the last-named, are D. minutua and some forms 
of Diplograpta, such as Climaeograptua confertua.^ 

Hicks and others have i-ecognised three divisions in the Arenig group— Lower, Middle, 
and Upper. The lower contains two genera found in the Treniadoc group below 
{Dictyograptua and Dendrograpttta), and is also characterised by the presence of 
Didymograptus ejdetmta, J). pennatuhia^ Phyllograpixia stclla, ami Trigmograptua. The 
middle division is marked by Tetragraptxut aerra, T. quadrihrachiatxia, &c., while the 
upjwr includes several species of Didymograptua (/>. hijidua, D, piUulua, &c.), Ciiinaco- 
graptna confertiia, and Diplograptua dexUatmr 

Hicks proposed to construct a separate group under the name of “Llanvirn,” 
by taking the upper part of the Arenig (Didijmcgraptiia hijidus zone) and lower ])ortiou 
of the Llandeilo rocks, making a total thickness of about 2000 feet of strata near St. 
David’s in South Wales.^ It is in this group of strata that the trilobites Acidaapis, 
Btirrandia, Illanua, and Phacopa make their earliest api>earance. Sir A. C. Ramsay 
believed that in North Wales there is an unconformahle overlap of the Arenig upon the 
Tremadoc and older beds ; but in South Wales there does not appear to be any break.'* 

A ren)arkable feature in the history of the Arenig rocks in Wales was the volcanic 
action during their formation, whereby various felsitic or rhyolitic lavas, with abundant 
discharges of fine ashes and coarser agglomerates, were erupted over the sea-bottom and 
interstratified with the contemporaneously <lepositcd sediments, while more ba.sic sills 
were subsc(piently injected under the volcanic sheets. Some of the more important 
Welsh mountains consist mainly of these ancient volcanic materials— Cader Idris, the 
Arans, Arenig Mountain, and others.** 

2. Llandeilo Group.— These dark argillaceous and occasiojially calcareous flag- 
stones, sandstones, and shales were first described by Murcldson as occurring at 
Llandeilo, in Carmarthenshire. They reaj>pear near St. David’s, on the coast of Pem- 
brokeshire, and at Builth, in Radnorshire.® In the middle of them a se.im of limestone 
(Llandeilo limestone) occurs, while intercalated igneous rocks are specially noticeable in 
the upper subdivision. It was at one time believed that graptolites were almost confined 
to this groni». Tl\^|®e fossils, now known to range from tlie Cambrian to the top of the 

* Lapw'ortli, Aim. Mag. Aa^ Iliat. vol. vi. (1880), p. 197. 

’■* Hicks, Q, J. fi. S. xx\i. (1879), p. 171 ; Hopkiusou ami I^apworth, ibid. pp. 634-637. 

3 Pop. Science Rev. (1881), p. 289. 

'* “Geology of N. Wales,” Mem. GW. Sun\ iii. On the Arenig, Llanvirn, and Llandeilo 
series of Caermarthen in South Wales, Misses C'rosfield and Skeat, Q. J. G. A. Iii, (1896), 
p. 523. 

* For descriptions of the Arenig lavas and tuffs consult the “Geology of N. Wales,” 
already cited ; also G. A. Cole and C. V. Jennings, Q. J. O. A xlv. (1889) ; GW. Mag. 
(1890), p. 447. Jennings and G. J. Williams, Q. J. G. A. xlvii. (1891), p. 374. A. G. 
op. cit. Presid. Address, p. 106 ; and ‘Ancient Volcanoes of Great Biitain,’ vol. i. Tim 
Lower Silurian rocks of the Shropshire area (where the position of the Shelve quartzite was 
recognised by Murchison) are described by Lapworth. Geol. Mag. 1887, p. 78 ; Proc. Oeoi, 
Aaaoc. 1894, p. 317. 

® The interesting volcanic series at Builth is described by Mr. H. Wootls, Q. J. G. A. 1. 
(1894), p. 566. Ix>wer Llandeilo lavas and the Llanvirn fauna liave been reeognise<l by Mr. 
F. R. Cowper Reed at Fishguard on the Pembrokeshire coast, op. eit. IL (1895), p. 149. 
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SilQrhm system, ooc«r ebandi^tly in the Llandeilo rocks, and present there a transitional 
character between the Arenig types below and those in tlie Caradoc or Ilala rocks above. 
In the lower portions of the group the most abundant genus is JHdymogniptus, 1\ Murchi- 
»oni (Fig. 376) being the characteristic species (and serving to mark a graptolitie zone), 
accompanied by many of the Arenig species, t<»getlicr with new forms of CniptoyniyfuA 
and Ghssogra^ns. In the middle part of the group the D. Murchisuni becomes very rare 
and is associated with l/iplogrnptun /o/iacens ami CfhnaaH^rajdHS Schamibt'nji. lu the 
Up|)er Llandeilo rocks graptolites of the tyjw? of CrypUHjmptua tncornia and CUmtu'o- 
graptus Scharenbergi are abundant, also species of Cfftiograptua witli IHtrllmjrajAus 
aectam [zoiit of Canograptua gracUia). Trilobites are charactenslic fossils of the group, 
upwards of fifty species belonging to eighteen or twenty genera lx*ing known. These in- 
clude characteiistii: forms which do not range beyond the group, Asaphua ti/ranuu,s 
(Fig. 378, 4) Cttlyinciu- <unnbrenaia, Tnnuc/evs IJoydii (Fig. 37S, 8) and T. fdvna Iving 
fonml in the lower sulnli vision, and t'ort/a/, i'h irurnaSt'dgu'kkii, and (>g!/tfta 

Buchii (Fig. 378, 3) in the upper. The brachiopods include the genera Acrotnta, 
Crtinia, Discuin, SiphonotrAa, Leptaim, Lingula^ Orthia, I'lniamhon dcs, aw] Stroplunnriut, 
some of nhicli liere make their first appearance. The humdlihranclis are represented by 
sjaries of Cardiohi (C. inU'TrupUt^\ and AftnGolopsia (M. rqunisa, d/, uijlata), tlie 
gastero[»ods hy Cychmnnti, Euomphahia, Mnrchisonui, Plfurotomariu, Jiaplthfoind, 
Jii'/li rop/um, Kct'AtliomphfUm, ami Maclurca, the pteiopod.s by Conu/aria and J/yidifbrs, 
tl»e cephalo|K)ds by Cyrtoa raa, Orthoccraa, and Endin'* ra a, 

3. Caradoc or liala Group, ruder the fir.‘'t name were placed hy Murchison the 
thick yellowish and grey sandstones of Gaer Gaiadoc in Shri»pshire, ami the Horderley 
and May Hill Sandstone. It w.ts afterwards aseeitained that the grey ami daik .slates, 
gills, ami saml8tone.s deserilxsl hy Sedgwiek o< ciuiing round llala in Merionethshire, 
and leganled hy him as the higlier part ot his (’anihrian sy.stem, were really slightly 
difiereiit lithological developments of the same stratigraphnal divi.sion In tln! Shrop- 
shire area, some of the rocks arc so shelly as to become strongly ealcaieons. In the 
iJala distriet, the strata c<mtain two lime‘>tone.s separated by a .Mimly ami slaty group of 
rocks 1400 feet tliick. Tlie bnver or llala linie.stoii<* ,‘2.** feet thick) lias been traced as a 
variable band over a large area in North Wabs. It is n.suallv iilentilied with tlie 
Goniston limestone of the Westnioieland legion. The uj>|M‘r or Hirnant limestone (10 
feet) is more local. IJaiids of volcanic tiilf and huge beds of various febsitn- lavas occur 
among tho Bala beds, and prove the eontcnipoianeous ejeetion of volcanic products 
These attain a tliickiie.s.s of several thousand feet iii the Snowdon legjon.* 

A large suite of fo.ssils has been obtained tium this group ^Fig. 379j. The sponges 
^re repre.scntetl by a few torrns { Astylosponijm >. The gi.iptolites ai< strongly dilfeien 
tiated from those of the Arenig rocks by the entire ab.sence of l)ichograj>tid.T and 
Phyllograptidae. The Diplograptidaj, feebly represenled m the Arcmg uml Lowei 
Llandeilo groups, are now, a.s Professor I.Apworth ponil.s out, the dominant foinis, 
occurring in swarms in every zone. The two geneia Jfiplngniptna and Cbmuen- 
graptus are especially abundant. The following snreessivc zones, each marked by the 
prevalence of its ow'u species of grafitolite, have been ob.seived by Professor Lapworth 
ill ascending order: (1) zone of Clinuicagraptus IFUsoni, (2) zone of Dicnnwgraplna 
Clinganif (3) zone of Pleurogi'aj^iia linearis, (4) zone of J fio'floyraptua cmnpfanatus, (Ti) 
zone of Diccllograptua aruxpa. The same obaerver icinarks njion the eztraoidiiiary 
extinction of families, genera, and 8j»ecies of graptolites during the i>ei'iod ol tin* Curadoc- 
Bala rocks. “The entire families of the Hieraiiograptidie, I^fitograptida*, iml Lasio- 

* For accounts of the volcanic phenomena of the Caradoc-Bala scries ol Wales, see. 

Ramsay’s ‘Geology of North Wales,’ already cited. A. Harker's ‘BuJa Volcanic Series of 
<]!enarvoiishire,’ being the Sedgwick Prize E.s.say for 1888. F. Kntley, Q). (t. ,v xxxv. 
(1879), p, 608. W. W. Watts, op, cil. xli. (1885), p. 632. A. G. vol. xlvii. (1891), Presi- 
ilentlal Address, p. 117 ; ‘Ancient Volcanoes of Great Britain,’ chap. xiii. 
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graptidea disappear from sight altogotlier. Tlie only families that survive into the 
Llandovery rouks are those of the Diplograptidtc and Retiolitidfe, and these only in a 
very degenerate form,” Yet it is remarkable that it was during Caradoc time that 
the Dioranograptidic and Leptogiaptidoi attained their highest development.^ 

To the conditions ihut allowed the depsition of limestone bands in this group we 
doubtless owe tin* [)resence of upwards of 40 species of corals belonging to AIv>^olit€S^ 




Fig, 37'.>. — (Jroup of Caradoc Fosiilsi. 

ti, r .nmbouites intt'-rcedensi, I’auder ; h, Orthls lurnanteiisiH, McCoy ; e, Lingula longissiiiia, Pander (•') 
. d, Strophonicna grandiK, 8by. ; e, Orthis plicuta, Sby ; /, Orthis callijrainma, Dalni. ; >j, Crania di- 
varlcaUi, McCoy; A, Trlplesia (■>) niaccoyana, Dav. ; i, Atrypa (?) lleadii, Billings (f); j, Atrypa 
inurgldiilis, Dalni. ; k, Disciiia oblongata, Porll. ; I, Aniboiiychia prisca, PortU ; m, Palnarca 
billiiigaiana, Salt. ; ii, Rh\ iichoiiella nana, Salt; o, Cleidopliorus uvalls, McCoy. 


CyalhophyUum, FavosUes, Halysiies^ Hdiolites, Monticulipora, &o. The echinodenns 
are represented by crinoids of the genera CyalhocrivAM and Glyptocrinus ; by numerous 
spec! - of cyst ideal! s (iifcAiHospAienifes, SphaBronites, Agelacrinites, Hcmicosmites, kc.); 
by brittle- stars {h'oifister), and by star- fishes of the genevA Palaaater and StenasUr ; the 
’ l*apwortli, Ann. Mag, Nat. HUt. v. (1880), p. 358 seq. 
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annelids by StrpuiiUSs and numerona burrows and tracks ; the trilobitea by apeciet of 
Aculasptf, Ampijj', Asaphns, CalymerUy i'hrinmia, CyMf, KncrinuruSy HowaloMtuty 
Illsf.mis, Lidias, Phacops, Jlfinoplnirufes, Trinudeus; the ostrarods by BiiyridiWy 
Lf.fwrditia, ('ytherr, Prunitia, ami Entomis ; the |K)ly7oa by FfnesteNay OlaacpfWmt, 
Pfilodictya, and Pkijilopura ; the brachiopods by Atri/fni, Mei istrUa, Jjfpts'nay Orfhis, 
Vlrctamhondes, Slrtiphomena, f’/'a/iia, Treuiatis (I)isetna), ami Liiujiila ; the lamelli- 
bramhs hy Ctfiunionta, Orthonota, Midiolop^is, PU'niim, Amboni/diia, Palmirca ; the 
gasterojKxia by Mnrdiisonia, Plevrafo/uana, Jiaphistoma, Cpdonfimi, Vyriolites, Holopsedy 
Holofnlla, Pdhrophna, P'riihomplialas, ami Maditrra ; the pleropods by TnitacuUteSy 
ConularUt, and Hynhtkfs: ami the eejdialojKxis by the geneva Orthitc^'ras, CyrtoerraSy 
Trodwhtfs {Lifuifrs), Are. 

The Lower Sihm.ni rocks, typiially devehn>ed in Wales, cxleml over much of 
ilritain, tliough largely Imnoil under more leeent fonnations. They rise into the hilly 
tracts of W( St nioi el.'xnd and ('umberl.inil,' where they eonsist of the following 
subdivisions itj deseending order : - 


Coniston Limestone s(Mie^ willi the Ashj;iirj 
sliales alio\e tin- limestone and the Dutton > 
sliiiles helow it . . . . ) 

Hoirowdali xoliMiin' MTies ()^re» n .slates and i 
porpli vne>) • t nils and lavas without ordi- | 
niity s.'ilniieiitarv sti.it.i e.\i*ept at bxse, | 

1 - 2 , 0(10 It ' I 

Skhhl.iw Slates, Id.OOO or 12 00() It , base j 
not seen ... . J 


j Ihila be.ls. 

I Dart of H.il.'u wliole of Llandeilo, 
. and ]ierhn)»s part ot Arenig 
I groups. 

I Arenig gionp, with peiha}).s Tre- 
i miidoi Slatesand Lingula Flags. 


Apait I'loin the m.issivi* niterealation of voh-vnie io<’ks tliesi* strata ]nesi'nt eon- 
sidi'i ihle liihol. tonal and jsil.t ontolooiral dillViem-es fioin the typieal suhdivision.s in 
Wales. The Skiddaw sl.ites ,ire blucU or d-irk giev, nigillaeeons, ami in .si^ine beds 
sandy rocks, tu'leii tnneh i le.aveil, tliough seldom vielding vvor’ able slatea, sonudmies 
soft and hlaek. likt' ('aihoniferou.s shah'. Asa nile, tlo'y are singnliiily nnfossiliferouK, 
but ui some of tlo 'i les.s cleaved and alteietl itfutions, they have yndiloti l.inyufn brrris, 
trices of .inindids, a few* Inlolntes ■ .Kahaa, , /r/n'-s^n.v, A'^nphai, Ae.'', .some jthylloeai ida 
{('irryiriiiuH , and remains of plants < /!;i(hvfirp/n’i, kr.). Ihit tbcii most abundant 
and eliai.icteristie fossils .lie graptoliles, nf wbieb f»9 .s|h‘i n s have been determined. 
Tlie-e org.uiisin.s imlifate that, while the m.iiii mass of the sjatis may be regai’iled ns 
of Ai'eiiig age, till.' lowest jiarts of the sei les, wlieie AVr/ot/rM/.Vi/.s and ('fanoyt'a/tfus tnidluH 
are found, pr<»liably belong to the Tiemadoc gioup; the bighe.st pottions, containing 
JHphrirn})tn<t, Piilymnitraphi^, pltiropnt ia, Kr. ajipeai to repve.sont the, lower j tart of the 
Tdamleilo Llanvirn'l sori'ts of Wales Of the v.lndeof thi.s graptnlitie fauna 1 1 specie.s 
are found in other purls of lintain, ‘J.'i or'cm tn tlie Lhiebee group of Canada, and no 
fewer than d4 :ue <'ommon to the .'skiddaw slater? and to the Lower Silurian serien of 
Sweden.-^ These slates, as already mentioned fp. 771< , have been invafled by granite and 
other eruptive rocks, ami have nmleigone marked contact ni eta morph i. sin. 

Towards the close of the long penml lepieaenled by tire Skiddaw Hlates, volcanic 
action manifested itself, first by intermittent showers of asbea and streams of lava, whieli 
were interstratihed with the ordinary marine sediment, and then by a more jiowerful 
and continuous ser ies of explosion.s, whereby a huge volcanic mountain or group of cones 
was piled up above the sea-level. The va.st pile of volcanic material (estimated at Home 
12,000 feet in total tliickncs.s) consists entirely of lavas .and ashes without the intei.strati 


^ Sedgwick’s ‘Three Letters* a^ldressed to W. Wordsworth,’ 1H18. ,L t!. Ward, “(icology 
of the North Part of the Kngli.sh Lake District” {(iralinjit'al San'ey Mfmoii ), 187fi. Nichol- 
«on, ‘Essay on the Geology of Cumlwrland and We.stmoreland, 1868. See also papers by 
Harkness, Nichol.son, Hughes, Marr, and others in J. (J. H. and (!foL May. 

Miss G. I* Elies, (^. J. (i. ,S. liv. (1898), p. r>‘26. See also Mr. J. Mart, (Jenl. May. 
. 1894, p. 122. 
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fication of ordinary sediment except at the base and the top. The lower lavas are varieties 
of andesite, which are also met with in the central and higher parts of the Borrowdale 
volcanic series, while rhyolitic fclsites were 8j»ecially poured out towards the close of the 
volcanic perio<l. Knormons quantities of fine volcanic aslies were likewise discharged. 
These various volcanic rocks form the picturesque hills of the Lake District. * The length 
of time occupied hy this volcanic episode in Cumbrian geology may be inferred from the 
fact that all the Llandcilo and a large part of the Dala beds aie absent here. The volcanic 
island slowly sank into a sea wheuein Hala organisms flourished. In some places a 
group of shales occasionally 300 feet thick, and kuowi as the Dufton shales, overlies the 
Borrowdale scries, and contains among other characteristic species Strophomena fjyansn, 
Plectamhimilfs {Lept»'nn) iterimt. I'rirnrlcKs coucetUricus, Jfomtdonotus bisulmtus^ 
II/h'iius Howimtini. The most markc<l rock of the oveilying scries is the Conistou 
limestone,- which lias yielded such familiar Bala species as Monticultpfyra {Favosites) 
Jihro-w, Hfl ioUti'H intcrsfinduHy verrHcosft, Plfdambonitet [LrpUvnd) scricca, Orfhis 

Acfoiiifii, (), hi/ortUu, (). etillitfraiuma, 0. clegautulOf 0. porcalo^ and Lcptxna 
{Strophuinnm) rhombouialia. These organisms and their associates, gathAring on the 
submerged flanks of the sinking volcano, before the eruptions had finally ceased, 
formed there the limestone now traceable for many miles through the Westmoreland 
hills, like tlio Bala limestone of North Wales, wliich, as already stated, it jirobably 
represents. The Comston limestone is overlain by a conformable group of argilla- 
ceous strata (Ashgill shales) containing Trinvcleus coucmtrU'us, Phnrops apicvlafus, 

P. murrounti's, Slrophonumi ailuriunu, ami other Lower Silurian fossils. Not far to the 
east, at the base of the great Pennino escarpment, contemporaneous vidcanie rocks in 
the Coniston series are well develo|K‘d.‘’ But the enormous volcnnii’ group of Westmore- 
land and Cumberland dies out rapidly in that direction, for in the Craven district it is 
represented by a scries of sandstones, grits, an<i slates (often green), probably 10,000 
feet thick, which passes up conformably into the Coniston limestone series,^ The most 
interesting feature of the Crossfell inlier is the occurrence of an isolated mass of lime- 
.stone at Keisloy, which has yielded a large and peculiar assemblage of fossils, that show it 
to belong to the base of the Upper Bala or Caradoc rocks, and to represent in a moie 
complete form a zone which is elsewhere absent or only feebly developed iu Britain. 
Among these organisms trilobites are 8i>ecially prominent, no fewer than 17 genera and 
43 8|K}cie8 having been obtained. Jfhmis, Cheirurus, Lichas and 7/orpcs are each 
represented by a number of species. The bruchiopfKls are likewise numerous, jiarticnlarly 
8[»ecica of Orthia, llafiwaqvim, Pledu mbonUes and Atnipn, and t!ie corals include Haly~ 
aiteacaknxiluria, MonticHlijxora fibrosn, Fanmtea ufvcolaris, ami St rfpfelasma evropaum.^ 

The Southern Ujdands of Scotland aic formed almost wholly of Ijower and Upper 
Silurian strata which have l>eeu thiown into innumerable plications, often overthrust 
and reversed. The unravelling of this compli<‘at»*d structure has been made possible 
chiefly by the evidence from c<*rtain /ones of graptolitio shales, so wtdl worked out by 
Professor Lapworth, and the whole region has since been mapped in detail and de- 
scribed by Messrs. Peach ami Horne, of the Geological Survey.® The Arenig division 

* Ou the volcanic geology of this region consult J. C. Ward in the work above cited. 
A. G., Presid. Address, J, (J. S. 18W, p. 137 ; ‘Ancient Volcanoes of Great Britain,’ 
vol. i., and authors there given. Also W. M. Hutchings, Geo{. .ypig. 1892, pp. 154, 218. 

® On this limestone see Marr, Gcol. Mag. 1892, pp. 97, 443. 

® Hoi’kness, (,). J. O. S. xxl. (1865), ,p. 235. Nicholson, Geoi. Mag. 1869, p, 213. 
This “Crossfell inlier" has been described by Messrs. Nicholson, Marr, and Harker, 

Q. J. 0. S. xlvii. (1891), p. 500. 

* Hughes, Geol. Mag. iv. (1867), p. 346. This area had previously been defwrilied by 
Sedgwick, Trans. Geol. Soc. (2) lii. p. 1 ; and by Phillips, Q. J, G. S. viii. p. 35. 

® P. R. Cowper Reed,-^. J. O. S. lii. (1896), p. 407 ; and liii. (1897), p. 67. 

® Lapworth, in the palters cited ou p. 965. B. N. Peach and J. Home, “ The Silurian 
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Is represented by cherts containing radioUria, mndstones, and grey shales, which in 
the central and northern parts of the region are associated with fine volcanic tufTs. 
In Ayrshire and the south-western districts, where the volcanic constituents attain a 
great development, they consist of basic lavas (diabase, &c.), witli intercalated tuffs and 
agglomerates. A characteristic feature of these lavas is the development of ellipsoidal 
or pillow-structure in them (pp. 136, 306). This volcanic platform appears to under- 
lie the Silurian region over an area of at least 2000 squaw miles, inasmuch as it comes 
to the surface wherever the crests of the anticlines bring up sufficiently deep [virts of the 
formations. It is thus one of the most extensive as well as one of the most ancient 
volcanic tracts in Europe. The fossils include IWraffrajttim (6 sjH'oies), DkhograpUui 
(4), I)idymo*jraptus (4), Trigonoympim (1), PhyllograpUi$ (1), DnulrtMp^ajilm (1), 
('liiiMrographia (J), and Dictyonevut (1); Caryocaru Wrighiii, Arn^hele (2 species), 
Acrotrfia (2), Kutoryina (2), LingHhi{\\ Linyulella (3) ; Limamonia (2), OholfUa (3), 
with the glass-rope sponge Hyalostclia and annelid jaws referred to ArabcllUrn. 

The Llaudeilo division is generally represented in the lower jiart by radiolarian cherts 
and mudstones, which immediately overlie the Areiiig rocks ; in the ujiper )>art by 
greywaokes ami shales, including the Glenkiln Black Shales, hands of red nodular chert, 
with courses of re<i and green mudstone, find volcanic tuffs, massive grey and black 
cherts and (jccasional hlackshales contaiiiingUpper Llaudeilo graptolites —Skphnnoffraptuf 
{Co’tKnjraptus) yrnnlm, the zonal form, with Dulymuyraptm (2 species), Thiimiwgraptun (2), 
('lathroyraptx'i (1), Dienm/igrupiU'i {7), I)u‘cll(njrnpius (6), L^ptograptus (1), I Hplograptvs 
(6), Crypfograpfus {1), (Jluswgrapfm (1), Lasingmptun (2), Clinuicograpfus (3), Cttrynouiei 
(2), Acmtrfld, Acrotheh, Sipho)U<trc(a, Disciiui, Jfyaloilelin, and 22 species of radiolaria 
winch .ihound in some of the hands of chert. In the Girv.m district of Ayrshire, where 
a portion of the Llandciio formation is absent an<l the remaining part lies unconformably 
on the Arenig cherts, massive conglomerates apja*ar together with a thick limestone 
(Stinrhai) and graptolitic mudstones. The limestone has yielded a largo assemblage of 
fossils, conspicuous among which are nodules of Girvundhi (proliably rehated to the 
calcareous algie), abundant corals, of which no fewer than 17 genera have been detecteil ; 
numerous articulate hrachiojiods (Lfpfvnu, 9 species; Strophomfm, 9; Jihipichmiella, 
11 ; Orthis, 15 ; together with a few lamcllibranchH, some gasteropods {Madurta, 
Ophiht^, Murchinonia, Pfeurotomarici), and species of the cophalopods Orthoarait 
('yrtocfras, and Trocholk^s. 

The Caratloc division in the central |»art of the region is represented by an upper ' 
group of green and grey mudstones with black shales, forming the Upper Hartfell Shales, 
and divided into an upper zone of DkeUogntptun anreps, IHplograptun trnnciUm^ and 
Clivuicograptfu: sraUtrin, a mhldle band of mmlstoiie (unfossiliferous “ Barren Mud- 
stone”) and a lower zone of Dicellograptiis coinplannluff, and IHcfyonema nioffnUmh. The 
lower group consists of a band of black shales about 50 feet thick, forming the Lower 
Hartfell Sliales and containing the following zones in descending order : at the top, the 
zone of Flenrograptus linearis, with LepUtgrapius Jlaccidus, IJiplograplus foliareuM, 
(HimacograptM iubuliferns ; in the centre, the zone of Dicranograpfiis (Jlingani, with 1). 
I'amosiis, Climacograptus caudatus, C. bicomis, IHcdhtgraptus Porrhhavirnrri ; at the 
liottom, the zone of Climneograptvs IVilsoni, with Cryptograptus tricomis, iJiplograptun 
rngosns, Lasiograptiu Ifarknessi, CHmaco»inipin9 Srharenbergi. In Ayrshire the 
Caradoc strata present themselves in a wholly different condition. They arc much 
thicker and more varied in their lithologicAl character, and they conqtrise a much more 
diversified fauna, but among the fossils the-distinctivc graptolites occur wliich serve to 
show the parallelism of these strata with the much thinner series of the Moffat region. 

Reference has alrea<ly been made {p. 797) to the occurrence of a belt of what appear 
to be rocks of Arenig age, wedged in along the border of the Scottish Highlands. Theae 

Rocks of Britain : I. Scotland,” in Mem. Geof. tkirr. 1899, — a detailed monograph on the 
geology, petrography, awl paleontology of the whole r^on. 
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rocks consist of radiolarian cherts or jaspers and slates, associated with basic ellipsoidal 
lavas (diabase). They present so close a resemblance to the Arenig band of similar 
rocks in the Southern Uplands as to afford strong reason to regard them as probably also 
of Arenig age. The radiolaria are not, however, suIBciently well preserved to adroit of 
satisfactory' comparison with those of the Arenig and Llandeilo cherts already referred 
to. This band of rocks has been traced along the margin of the Highland schists across 
Scotland into the island of Arran. It ap|)ears to be prolonged into Ireland and to 
expand there into a broad tract in county Tyrone. It is associated in Kincanlincshire 
with a younger group of argillaceous and calcareous strata (“ Margie series There 
can be no doubt that those rocks have suffered from the latest plication of the region, 
and they suggest that i>oasibly some part of the Central Highlands may consist of 
altered Silurian sediments an<l igneous rocks, as we know that in the north -w^est both 
Cambrian and pre*Cambrian sedimentary materials have gone to the consti uctioii of tlie 
crystalline schists of that region.^ 

In the north-east of Ireland a broad belt of Silurian rocks, crossing from the south- 
west of Scotland, runs from the coast of Down into the heart of the counties of Ros- 
common and Longford. It is marked by the same grai)tolitic zones that occur in 
Scotland. The Olenkiln shales with their typical Llandeilo graplolifes aie found to 
the south of Belfast Lough, whde the Hartfell shales with their Caradoc fossils have 
also been observed.^ The richest fossiliferous localities among the Irish Silurian 
rocks arc found^ at the Chair of Kildare,* Portrane near Dublin, Pomeroy in Tyrone, and 
Lisbellan in Fcmianagli, where small protrusions of the older rocks rise as oases among 
the surrounding later formations, Portlock brought the northern aiul western localities 
to light, and Murchison pointed out that, while a number of the trilobites {Tnnuclcns, 
PhacopSy Illmxus)^ as well as the simple plated Orthida*, Lepta*iia», and 

StrophomeniB, some spiral shells, and many Orthoceiata, are sjiecifieally identical with 
those from the typical t'aradoc and Bala beds of Shrojisliiie and Wales, yet they are 
associated with peculiar forma, first discovered in Iicland, and very rare elsewhere in 
the British Islands. Among these distinctive fossils lie cited the tnlol)ites, Jlcnxoplni- 
ride$, Ilarprs, Amphion, and Pron^em, with smooth forms of Asaphun (laofr.lint), wbu li, 
though abundant in Ireland aixl Auietica, had seldom been found in Wales or Kngland, 
and never on the continent.* To the north of the broad Silurian belt which crosses 
the island lies the tract in Tyrone, aliove referred to, where a remarkable series of cherts 
and jaspers like those of the Arenig group in the south of Scotland, is associated with 
a great devoloiuucnt of ellipsoidal lavas, tuffs, and agglomerates, together with shales, 
grits, and lime.stoncs like those of the “Margie Scries” of Kincardineshire. In the 
south-east of Ireland a largo tract of Lower Silurian rocks extends through the counties 
of Wicklow, Wexford, and Waterford. In this area also the Llandeilo and Caradoc 
graptolitic zones occur. Even as far south as the southern coast-line of Waterford 
black shales continue the physical a.spect of the Glenktln shales, and contain some of 
the same graptolites.® We have thus evidence tliat the black carbonaceous mud in 

^ Annual Repoi'lit 0/ Ueol. ISiirmp for 1893, 1896, and 1896; Summary of Progress 0/ 
Oed, Surv. for 1899, p. 67. ‘Ancient Volcanoes of Britain,' vol. i. p. 240. G. Barrow’, 
Q.J. O. S. Ivii. (1901), p. 328. 

* W. Swanston, Trans, Belfast Nat. Field Club, 1876-77. Lapw’orth, .Iwm. Mag, Xat, 
Hist. iv. (1879), p. 424. 

* See the recent detaileil account of this locality by Messrs. Reynolds and Gardiner, 
Q. J. Q. S. Hi. (1898), p. 687. The same geologists have also subsequently studied the 
Portrane inlier (op cU. liii. 1897, p. 620) ; and Lanibay Island (liv. 1898, p. 136), The 
Balbriggan district has been descrilied by W. Andrews, Otol. Mag. 1899, p. 395. 

* ‘Silnria,’ p, 174. The upfier portion of the Pomeroy section has yielded Llandovery 
graptolites, so that the strata there are partly Lower and partly Upper Silurian. 

* The geology of the Waterford coa.st w'as described by Jukes and Du Noyer in the 
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which these graptolites lived spread over the sea-iloor for % distance of at least 300 
miles. 

Uppee Silurian. — Wales and Shropshire. — This series of rocks occurs in two 
very distini^t lithological types in the British Islands. So great indeed is the contrast 
between these ty|>ea, that it is only by a comparison of organic nMuains that the whole 
has been grouped together as the dcjiosita of one geological })eriod. In the original 
Shropshire region describt>d by Murchison, and from which his type of tlic system was 
taken, the stiata aie coinparatively flat, soft, and unaltered, consisting mainl\ of some- 
what incolierent sandy mudstone and shale, with occasional bands of limestone. But 
as these rocks are followed into North \Vales, they are found to ]m8.s into ii thick .sciics 
of grits and shales, so like portions of the hard altered I/>wer Silurian iwks tliat. save 
for the evidence of fossils, they would naturally he grouped as part of tliat mon' ancient 
series. In Westmoreland and (Jiimlierland, and .still farther north in (he border counties 
of Scotland, also in tlie south-west of Ireland, it is the North Welsh type which prevails. 
This type, therefore, is ically the prevalent one in Biitaiii, extemling over many hundreds 
of square miles, while the original Shropshire tyja* hardly 8prea<l> bejond the bonier 
district between Knglaml and Wales 

T.aking first the original tiaet of Siluria \\V. Ktigland and K. ami ‘^.K. Wales', we 
find a jiecided unconfoniiubility sep.-irating the Lower from the Uppei Siluiinn <leposita. 
Ill some plaecs the latter steal acros.s (he edg»-8 of the former, group after gronj), till 
they lie directly uj)on the Cambnan rocks. Indeed, in one ilistiiet, between (be Long- 
mynd and Wenlock Edge, the ba.sft ot the I'ppei Silurian rocks is found witluii a few' 
miles to pass fiom the Caradoc group acioss to the Ijongmyndian rocks. It is evident, 
therefore, that in that region veiy great disturbance and extensive demulation jncceded 
llie commeiiceiiient of the dopctMtioii of tlic Upper Silurian roeks. As Bamsav pointed 
out, the area o( Wales, previously covered by a wide though shallow sen, was rulged up 
into a series ol islands, round the margin of which the conglomerates at the base of (be 
Upper Silurian .mmics began to be laid down This took ]dnce during a time of 
submergence, for the-c conglomeratic aiul sandy strata are found creeping nj) the slopes 
and even cajquiig some of the hills, as at Utigmine, where they reacli a lieiglit of IloO 
feet above the sea. The .subsidence piobably continued during the whole of the interval 
occupied by tlie deposition *)f the Upj>cr SiUuian stiata, which were thns jiilcd to a 
dejitli of from 3000 to .'lUOO feet over (lie disturbtvl and dcmnled platform of Jiowei 
Silurian rock.s. 

Arranged in tabular form, the subdivisions of the Up]*cr Siluiian rocks of Wales ami 
the adjoining counties of Englaml arc in dc.scemling older as follows ; - 

Biuse of Old Reil SamUtoue. 

Tilestones, 

Downton Castle Sandstone, 90 feet. 

Ledbury Shales, 270 fe^t. 

Upper Ludlow Hock, 140 feet. 

Aynipstry Linievtone, up to 30 «)r 40 feet, 
bower Ludlow Ro«’k, 350 to 780 feet. 

Wenlock or Ibidley Limestone, 90 to 300 feet. 

Wenlock Shale, up to 1900 feet. 

Woolhope or Barr Limestone and Shale, 150 feet. 

Tarannon Sliales, 1000 to 1500 feet. 

Upper Llandovery Rwks and May Hill S.andslone, 800 lect. 

I.owcr IJandovery Rocks, 000 to 1.500 feet, 

1. Llandovery Group. " The most marked lithological character of this group in 
Britain is the occurrence of conglomerates which indicate the terrestrial disturbance 

Geological Survey Memoir on Sheets 167, 168, 178, and 179 (1865), Ireland. A. G., ‘Ancient 
Volcanoes of Great Britain,’ vol. i. * The ground has recently been studied by Mr. E. R. ('. 
Reed, Q. J. G. S. Iv. (1899), p. 718 ; Ivi. (1900), p. 657 ; Ge^il. 1897, p. 5‘JO, 


3. Ludlow group. | 

2. Wenlock group. | 
1. Llandovery group. | 
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and extensive denudation that followed the close of the deposition of the Lower Silui-ian 
rocks. 

(а) Lower Llandovery. — In North Wales, the Bala beds, about five miles S.E. of Bala 
Lake, begin to be covered with grey grits, which gradually expand southwards until in 
the Rhayader district of Radnorshire they attain a thickness of 1830 feet These 
overlying rocks are well <lisplayed near the town of Llandovery, where they contain 
some conglomerate bands, and where Mr. Avcline detected an unconformability between 
them and the Bala group below them. Elsewhere they seem to graduate downwaitis 
conformably into that group. They cover a considerable breadth of country in Cardigan 
ami Carmarthenshire, owing to the numerous undulations into which they have been 
thrown, and they extend as far as Haverford West in Pembrokeshire. A marked change 
is now visible in the fossil contents of the rocks, as compared with those of the Lower 
Silurian subdivisions. Thus the familiar Lower Silurian types of trilobites become few 
or extinct, such as Agnostiia, AmpyA, Amphtia, (fgyyia, Remopleuritiea, Trinucleua, and 
their places are taken in Upper Silurian formations by sjieciesof AcUlaapia, Enerinurua, 
Phtrops^ h'oefns, and other genera. A still more striking contrast occurs among the 
types of graptolitCH. The families of the Dicranograptidic, Lejitograptidae, and 
Liwiograptidai wholly disapfiear, and the forms which now take their jilace and distinguish 
the Upper Silurian rocks belong to the Monograptidas which gradually exclude the 
Diplograptidae, until liefore the higher jiarts of the system are reached they are the sole 
representatives of the gniptolites. Three graptolitic zones have been recogni.scd in the 
Low'er Llandovery group, viz. in ascending order; (1) Diplograpltts aeuminatua, 
(2) Diplograpltts trsicitluaita, (3) ifomgraptita gregarius. Be.sides these species, 
MontHjraptua triuiia, M. atirnnatnSf M, creniilaris, M, lubi/rrus, Climacograptna 
utitfttlalua, V. normalta and C. recta ngnl aria arc common Lower Llandovery forms. 
Other characteristic fossils are Orthia ctegantula^ 0. tealudinaria , Stricklandinia 
{ Pentamerua) lena, and Mcristella craaaa. From the abundance of the jieculiar brachiopods 
termed Pcntnou'rus in the Lower, but still more in the Upper Llandovery rocks, these 
strata were formerly grouped together under the name of “ Pentamerus beds ” (Fig. 380). 
Though the same species are found in both divisions, Pentamerus obhmgua is chiefly 
^characteristic of the upper group and comparatively infrequent in the lower, while 
Stricklandia {Penlnmerits) lena abounds in the lower, but apjwars more sparingly in 
the upper. The genus ascends into the Wenlook and Ludlow’ groups, and is specially 
distinctive of Upper Silurian rocks.‘ 

(б) Upf}€r Llandovery aiul May Hill Handstone . — This sub-group has received the 
name of May Hill Sandstone from the locality in (Tlouccstershire where, as first shown 
by Murchison, it is well displayed. Sedgwick i)ointed out that it forms over a wide 
region the natural base to the Upper Silurian series, for it rests uncoiifonnably on all 
older rooks. It consists of grey, yellow’, ami brown ferruginous sandstones and 
conglomerates, sometimes calcareous from the abundance of shells, which are apt to 
weather out and leave oasts. Where the organisms have been most crowded together 
the rock even j)as.ses into a limestone (Pentamerus limestone, Norbury Limestone, Hollie.s 
Limestone). The lower members are usually strongly conglomeratic, the pebbles being 
derived, sometimes in groat part, from Lower Silurian rocks. Appearing on the coast 
of Pembrokeshire at Marines Bay, this sub-group ranges across South Wales until it is 
overlapped by the Old Red Sandstone. It emerges again in Carirarthenshire, and trends 
north-eastward as a narrow strip at the base of the Upi)er Silurian series, from a few 
feet to 1000 feet or more in thickness, as far as the Longmynd, where, as a marked 

' conglomerate wrapping round that ancient ridge, it disapi>enrs. In the course 

* The Lower and Upper Llandovery rocks of Central Wales have recently been the 
subject of an exhaustive stratigraphical and palaeontological study by Mr. H. Lapwortb, who 
has unravelled their succe.Msion and recogniseil among them their characteristic graptolitic 
zones, Q. J. 0. A. Ivi. (1900), pp. d7-135. 
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of this long tract it passes successively an<l uiiconforniably over Lower Llantlovcry. 
Caradoc, Llandeilo, Camlman, and pre-Cambrian rooks.* 

Among the fossils are traces of Cucoids and sjKuiges ; numerous graplolitos {J/o7u>- 
graptvs Sedgwickii, M. Clhujani, M. spirnlis^ M. cunnt/utus, M. Proteus, M. lufnfrnis, 
Glittutcograptns nornuilis, Diplograptns Hutjhfsii, D, siuuatus, Du'fifOiteuMrorrugatrfhnu, 
D. delicatulum, Calyptograptua digUatna, Jidudites fM-rfatus) •. a iiundK*r of corals 
{LuulostriEmia, HrlioHtes, Favositfs, Ifahjsitrs, Suruujopora. Lo.) \ a few crinoiils ami 
sea-urchins (/••o/a’ooAiMM.s) ; the ptero|MHl ({wrticularly abmidant^ a number 

of trilobitos, of which Phacops caudal us, P. Stokrsii, P. JPeareri, Kiuruiunts puurtatus, 
Calymcnc P/nmenhachii, Proetua Stokrsu', and fHiruus Thinmoni nte common ; numerous 
hrachiopoils, as Atrypa hrmispherim, A. rctiralaris, IVntauu rusohlongus, Slrtrklititdinui 
lirata, S. lens, P/ectambonites transversah's, t/rthis calHgranuna, (K rhijantala, O. rnrrsa, 
Struphomentt compressa, S, {Orthothetes) peden, and Lingula paralit la ; hiincllibianclH of 
the mytiloid genera Ortiumota and Mtuitolopsis, with f4Mms of Ptcmira, ('tniodoutn, and 
Lfjrodesma ; gasteropods, |)articnlRiIy the gouna Ha phi stoma, Murdnsonia, Plruroto- 
vinria, (Ji/rlonnna, Iloloiwlla, and the sjieih's Ikllcrophon dilatatas, P. tnh>hatns, and 
H. carinntus : and cophalopnds, chi(*4y drthtn'rra^, with stmu; forms of Adiumrras, 
Cyrtuceras, Tretoerrns, and Phragmort-ras, and the *»ld species Tracfus-rras [Litmtcs) 
cornu-andis. 

(c) Taraunou Shale . — Above the Upper Llamlnvery hods comes a very |«'r8istont 
band of fine, smooth, light grey or blue slates, which has been traced from the mouth 
of tl»e Conway into Carmarthenshire. These stiala, termed the “ jiaste-rock ” by 
Sedgwick, have an extreme thickne.ss of 1000 to feet. I’oor in organic remains, 
their chief intcrevst lies in the fact that the persistence «if so thick a haml of rock 
hetween what w'ere a^lppo^ed to be continuous an4l conformable formations sliould ha\e 
been unrecognised until it was proved by the detailcil mapping of the (Icological Survey. 
The oucurrence of certain species of graptohtes alfoiils a paheontological basis for placing 
on this horizon a considerahle mass of slaty and gritty strata in Uanligaiishite, and for 
identifying the.se and the typical Tarannon Shales with their probable e(piividentH in 
the Lake Distiict and in Scotland. 'Hie following graptolitn* zones in ascending older 
have been determined in the Tarannon rocks: (1) Hast rites vui,iiinns, {'2) Moumfraptiis 
ejignus, f:'5) Cyrtograptus Grayer, Fiom the “Pale Shales " of Rhayader, which lie on 
the same horizon as the Tarannon Shales, Mi. II. Lapwoilh has obtained a large 
number of graptolite.s, miAwA'wxg, Morngraptus rj iguu% M. discus, M. u talus, M. prdtduu, 
M. Becki, M. rrassus, M.jaculnm, M. paiulus, M. inrolutus, M. Scdgirickii, M. lobifervs, 
llftiolites obesus, Hastriles distans, Pdahujraptus pabneus. 

2. Wenlock Group.— This suite of strata inelmles the larger pait of the known 
Ul»per Silurian fauna of Biitain, as it has yieldiel more than IfiO gciuTa ami 50(t 
species. In the typical Silurian area of Murehi.sfui, it comsisls of two limAtone bamls 
(Woolhope and Wenlock), separated by a thn k ni is-s of shale ^'^^■enlo(•k Shaleh The 
following .suh-grou[>s in a.scending order are lecognisfl : — 

(rt)' Woolkope Limestone. — In the original tyjuc.al Upper Silurian tund of Shiopshire 
and the adjacent counties, 'the Upper Llandovery roeks are overlain by a local group of 
grey shales, containing nodular linie-stone which lieie ami there swelU out into beds 
having an aggregate thickness of 30 or 40, but at Malvern as much as 150 feet. These 
strata are w'ell displayed in the picturesque valley of Woolhojie in Herefordshire, which 
lie.s upon a worn quft-quft-versal dome of Up|»er Silurian strata, rising in the midst ot 
the surrounding Old Red Sandstone. They are seen likewise to the north-west, at 
PresteigD, Nash Scar, and Old Radnor in Radnorshire, and to the east'ami south, in the 
Malvern Hills (where they include a great thicknehs of shale below the limestone), an<l 

* For a recent account of the Llandovery rocks and fossils of the Conway district .see Mlsse.s 
0. L. Elies and E. M. R. Wood, Q. J. G. S. lii. (1896), p. 273. Tliew? rocks in the Rhayader 
district have lieeu admirably worked out by Mr, H. Lapworth in the }.ar*er above cited. 
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^ay Hill in Gloucestershire. Among the common fossils of these strata may be men- 
tioned IllaBnun {Bumastits) (tarrUinais, Homalomtns (Ulphinouphalm, Phacopa caudafiis, 
Encrinunia pnnctatua, Addaapis Prighiii, Atrffpa rdieularis, OHkis mlligramma, 
Strophomenii {Strophrodonta) imbrex, H. {Strophomlla) euglypka, Plectamboiiitea trans- 
vermlia, lihynchondla {CarmrotacMa f) hormlis, R{Wils(mia) Wdsoni, OmphalotrocMa 
(Etiomphalus) sculptua, Orthoceraa annulatum. 

It is a feature of the older I’altpozoic limestones to occur in a very lenticular form 
swelling in some places to a great thickness and rapidly dying out, to reappear again 
perhaps some miles an ay with increased proportions. This local character is well 








Hg. 380, Group of IViitnmcri froiu Lluiulovcry and Wciilofk Rocks 
I>entam.ni.oblonsu,, Sby. ; b, r, Kalmt,.,, IMIr,,. ; r, KnW,t,l, Nhy. ; ,1, r. Hl„, • r P 

rotuu.luii, Sby. {})■,/, l\ Knightil (Kuiall aiK-cimcn) ; g, P. Iniguifei, Sby. ; A. p. undatus, Sbl. ’ 





e.\lubtted by the oolhope limestone. Where it disappears, 1 l.c shale.s underneath and 
intercalated with it join on continuously to the overlying Wenlock shale, und no line 
for the W Mlhope sub-group can then bo satisfactorily drawn. The same discontinuity 
18 strikingly traceable in the Wenlock limestone to l>e immediately referred to. 

(6) fVen/ork -This sub-group consists of grey and black shales, traceable from 
the banks of the Severn near Coalbrook Dale across Radnorshire to near Carmarthen 
a distance of about 90 miles. The same straU reappear in the protrusions of Upiier 
^lurian rooks which rise out of the Old Red Sandstone plains of Gloucestershire, 
Herefonlshire, and Monmouthshire. In the Malvern HilKs, they were estimated by 
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Professor Phillips to reach a tliickness of 640 feet, but towards the north they thicken 
out to nearly 2000 feet. On the whole, the lossils are identical with those of the 
overlying limestone. The corals, however, so abundant in that rock, are heie cow 
paratively rare. The biachiopods (Lingula, Leptarna, Orthis, Strophonunn, AbyjM, 
Rhgiiduniella, Spiri/er) are generally of small &\n'-~Ortlus bilMt, n. hgbrkh, and the 
large Hat 0. rustica l»eing characteri^tic.‘ Of the higher mollusca, thin-shelled forms 
of Orthoccras are specially abundant. Among the tnlobiles, Ewrmarus pitnctutus, 

rariolaris, Cahjhicne Wnmcnhuchii, C. tuberculosa, Phacopa mudatus, /*. hmgi^ 
caudofits are common. DiNtinctivc species of grsptolites have long Ikcii known to 
cluiacterise the sliules of this group.- In 1SS2 Tnllbeig showed that the eipiiviilent 
strata of the Wenhx'k shales in Scania •■»>uld be divided into /ones by means of their 
distinctive graptolites.^* Miss Elies, aftei a study of the Swedush .succession, has lycontly 
succeeded in applying the zonal clissilic.itinn. by means of giaptolitcs, lo the Wenlock 
shales along the boidor.s of England and Wales.* She has tra<ed six /ones in the 
following order, beginning with the lowest: -1, zone of Curtograplus Muirhtsoui, 
containing besides, in great ahunJance, Muuogi apius pnculon, M. vounrnius, M. Jfistmjrn, 
Jb tiolites gt'iniPuiiHiH ; 2, zone of luoiitv/u'iu^is, inelmling also nnineious 

.specimens of J/. romerinus, M. uipillareus, Cu.tograptus if acu<hi. , ‘A, /one of C;irlo- 
gropius siimmctruim, with abundant d/ v>mriiiius, )f. dubius : 1, /owe id Ctp logro plus 
Linnariksoni, with plenty of M. vomenuu'i, d/. dubtns, M. ftexilis ; k, /•mcol Cgrtogra/ftiis 
rigidus, including also abundantly M. muonuus, M. dubius, M. , it, ode, us, M Flnnnujn; 
6. zone otCyrtograpt us Lu,idg,;ni, with numerous M com, ,'tuus. M duh.u',. M. FI, miugii, 
M. n/(jni‘nsis, and Ciirtograptus ('arruf/ursi, 

(Cl IS I. tl, irk 1.0.1.11.1, .s.....0t....0S liaKi!., .IS..I.1).V n|- 

loss ooiicvctioiiui v liii.ost.ii.e, ),’">■ 1“''' " '"k'l''.'’ . i.V't.illi.io. ...viiitii.k hi 

soii.o as .i'.s.nsl.' n.assiv. I.«l, ii. otlioiMW .c|.aiiiio.l by liin' 

al.alos, the wli.ile luili.i.ib' ii tin. kiic.s of lock mhH'I'j: I'ohi lbi> to '‘iOO l.'Ot. " As its 
name .lonotca, it is tipkally .Icvcloiio.l aloii;; W.'iilok K.lj!.- lii Slii.i|,sliiio. iilioic it 
inn. IIS a iironiinciit riilttf for fulli iO ii.ilo.s ; also iKtiifoi. A) mostly an.l l.ii.Uovi, It 
likewise appeals at the detached aieas of Upf»er Silunaii strata aht»\e nderied to, being 
s|«ciallv iicll so. noar Ibi.lloy (ivl.on. o it is ofion »|.oki .. ol tl.o Dmiloy liniostono), 
Woolli.mo, Main III, Mav Hill, ami I’sk in 

A distlliKuialii.iK cl.a,a.'to,ist,c ol tl,o Weiiloi'k li.i.osloi.o is tl.o »l,uii.lanoc and 
lanotvof itsoorals, ofiilil.l. foivor tl.a.i dl (teimi.. .and .i|.ivar.ls of SI) siasaas l.avo 
lican described. Tbo look soeiiis, indeed, to liaie boon loiiiicd in part by niasaive 
aiieets and bunches of coral. Ol.ar.cto. isln spe, lo, a... f/afys.loa oatoaaf.mit, Jh/wl,k, 
uifcntinclm, l'roim;i tubuMu. .Uvfohlr, lab.,lm. A»r.»iV,.s ...< 70 ™. f. 

Onto ju,upennu,, ,Suriurporn fim-U ah, (o,ip/i./a.-. mU,.rbcimt,w<. The oimolds 
aro also specially abundant, and olten beaul.lnlly presorted. ;VrocAoor.,.,« 
being one of the most frequent ; others aa- C.M- tUus ru,ja,m 6V»oc™..«i (tyaWo- 
comas) ,omodacMn>, an.l Mur.ii.^rmus cMu,. Mevoral cyslnUans occur, of ivh.eli 
one jL%Mvcnmu, (/-soarAa-omitos) qua.ln,<ac.ulus. M ore than 30 sps uis of annelms 

of the small sue but ext.aoi.li.ia.y alm.i.laiice ol bnMihlo,o,.l« in this 
formation relerenee may be made to the fact that a ...rtbiad of the shale from Bi.il.lwio. »a, 
found by earelul Hashing to contau. no fe.or tbaii 4300 specimens ol ...le species (<M^ 
W/.Aa), besides a much greater bulk of other brKcb.op.sls. .sii.o.uitmg t^elhor to 10,000 
s,«ci, liens at least ; while from se,en tons weight of the stole id least W,0W »i.c,men, of 
IhlkU biloba were obtaiiiisl. -Davidson an.l Maw, OW. .W-i.'/. 1««1, PP- 1. lOO' -1*»- 

= Lapworth, J/i/i. Mag. Fat. Hist. v. (1880), p. 369. 

^ Sterig. Gfol. Cudersokn, C, No. UO, p. 15. 

• On’tiifntrowlpm rtmeture of this limestone see Wethercsl, (j. ./. (/. S. xlix. (1893). 
p. 236. 
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have been found. The crustaceans include imraerous trilobites, one of the most abundant 
being the long-lived Calymene Bhmenhachiit which ranges from the Llaiideilo flags 
(possibly from a still lower horizon) up to near the top of the Upper Silurian formations. 
It oocui’s abundantly at Dudley, where it received the name of the ‘'Dudley Locust.” 
Other common forms are Encrinunis punetaitis, E. mriolaris, Fhacops caudatus, 2\ 
Dourttingm, P. Stokesii, Illmnua {Bumaatiis) harrieiiaist Homalonotua delphinocephalua 
and Cheinirua bimiicrondUua. One of the most remarkable features in the arthropod 
fauna is the first appearance of the merostoraata, which are represented by Euryptcriis 
punctatua^ Hemiaapia horridua, and perhaps Pteryyotus. The brachiopods continue 
to be abundant, U])ward8 of 20 genera and 100 species having been enumerated. 
Among typical species may be noted Atrypa reticularis, Merislnta tumida, Spirifer 



Kljt. 381. -Upper Silurian Corals and Crustaceans. 

u, Acervularia anaiiHs, Linn.; h, Ptychophyllum patellatum, Schloth. (}); e, OinpTiyina subtiirbinatum, 
Linn. (}); tl, IVtraia binn, Lons. ; c, Ceratiocaria iwpilio, Salt. (D; /, Homalonutus dclphlnucephalus, 
Oreen (t); g, Cyphaspis megalops, McCoy ; It, Phacops Downingise, Mureh. 

elevatua, S. plicateUua, Bhynchonella {CainaroUeehia ?) borealis [very common), It. [Jtliyn- 
cholrela) cuneata, Jt. ( Wilsonia) Wilaoui^ Orthia deyantula, 0. hyhrida, Leptssm rhim- 
boidalia, and PetUamerua galeatua. The lamellibranch.s are abundant and are represented 
by species of Avieula, Pterinea, Cardiola and Cueullella, with Qrammysia cingulaia^ 
Orthmota aniygdalina^ and some species of Modiolopsia and Ctenodemta. The gasteropoda 
are marked by specius of Omphalolrochua, Murckisonia, Cydoncma, Plalyceraa, and the 
common and characteristic Bellcrophon werUockensia. The cephalopoda are represented 
by TroehoceraSy OyrtoceraSy Ortkocera 9 , and Phragmoctraa ; of these the orthoceratites are 
by far the most abundant both in species and individuals, Orihoceras annulatum being 
the most common form. The beautiful and abundant Conularia Sowerbifi is a character- 
istio organism of this group. 



8. Ladlow Group. —This group oonsiste eiaenti&lly of fthules^ with occasiontUy a 
calcareous baud in the middle. It graduates downward into the Wenlock group, so that 
when the Wenlock limestone disapi)ear8, the Wenlock and Ludlow shales form one 
continuous argillaceous formation, as they do where they stretch to the south-west 
through Brecon and Carmarthen. The Ludlow rocks, typically seen between Ludlow 
and Aymeatry, appear likewise at the detached Silurian areas fiom Dudley to the uioiith 
of the Severn. They were arranged by Murchison in three sub.groujts —Lower Ludlow 
Rock, Aymeatry Liujeatoue, and Upper Ludlow Rock. 

(a) Lower Ludlow ^oft.—Tbia sub-group consists of soft dark grey to ])ale greenish- 
brown or olive sandy shales, often with calcareous concretions. Much of the rock, 
however, presents so little fissile structure as to get the name of mudstone, weathering 
out into concretions which fall to angular fragments as the rock crumbles down. It 
becomes more sandy and flaggy towards the top. Fiom the softness of the shales, this 
zone of rock has been oxtensivtdy denuded, and tlio Wenlock limestone rises up boldly 
from umler it. It attains a thickness of 780 feet at Ludlow, Abundantly fossiliferous, 
it is particularly lich in graptolites, which have a special iiitere.st as the lost great 
assemblage of these organisms before their final extinction. They have l>een employed 
to mark off this sub group of strata into zones, the most recent and exhaustive iuvestiga- 
tion ill the subject having been made by Miss Wood, who has collected laigely from the 
tyjiical district and from the prolongation of the locks along the Welsh border. Shu 
subdivides the Lower Ludlow 8hale.s in the Ludlow district into the following /ones in 
ascending order: — 1, zone of Monograjilvs vulgaris, consisting of thinly-bedded shales, 
130 feet ; ‘2, zone of Nilsoni, 1*20 feet {M. diiluus, M. rolomis, M. Jlooucn, M. vanans, 
M. chimerra, M. uucinatus) ; 3, zone of M. sainicus, 100 fi(‘t (J/. liubius, M. Jiormeri, 
M. varians, M. chimwra, M. buhcmicus ) : 1, zone <»f J/. (uuwscem, *220 feet (.V. rhimetra, 
if, bohemicus ) ; r», zone of M. Irintwardiuensis, 210 feet. 

Among the other fo.s.sils are the biitlle-star Ptotasfer, the star-fish I'almocoiua, and 
the echiiioid Pnlwodiscus. Of the corals, a few sjhm us survived from the time of llie 
Weiihs'k Limestone, but the condition.s of deposit were evi<lently unfavourable for their 
growth. The tiilobitos are less numerous than in older gioups ; they include the 
venerable (Jahjmem Bluincnbachii ; also f'hitrops caudnins, I\ co?i.s/nV/«A, /'. Ihu'niiujia', 
Aridasjds coromtus, Cheirurns himutronaius, Jfnrnnurus pviulafus, Lichas aitglicus, 
Ifoniolonotus dclphinorrphalus, Jl, Knightii, and Vpphaspis mrgalopH. But other forms 
of arlhro]>od life occur in some number. The phyllocuiids aic repiesente:! by s|»‘cieH of 
Ccralioatris and Xiphocaris; the merostomata by sjiecies of KnrypUrus, Jlcviiaspis, 
Pterygotus. Though brachio|K)ds are not scarce, haidly any seem to be peculiar to tlie 
Lower Ludlow rock, nearly all of the known species uocuriing in the Wenlock group. 
Bhynchonella {Wilsonia) fVi/soui, Cyrtiu {tSpirifrr) rj'jwirfrtAi, Spiriftr crispus, S. 
bijugosus, Sirophomcrui {Slrophonella) enylypha, Lrptutia rhomboidulis, Jlhptudmiella 
{Camarotwchin) nucula, Atrypa reticularis, Orhiculuidra MorrUit, Lingula lala, and L. 
Lewisii are not infrequent. Among the more commonly recurring species of lamclli- 
branchs the following may be named — (Jardiola intemipta, AinJMmychui {Cardiola?) 
strUUa, Ctenodmta sulcata, Oranimysia cingulata, Modiolopsis gradula, M. Ntlssoni, 
Orthonoia amygdalina, 0, rigida, 0. semisulcaia, and a number of speies of PUrinea, 
The gasteropoda Qydomrm eorallii, OtnphcUotrvckns {Euomphalus) alatus, JJolopella 
gregaria, Loxoruim simwsa, and Murchisonia Lloydii are frequent, and the old genua 
Belleropikon ia still represented {B. eypansus). CephaloiKsla abound, the genus IMh^ras 
being the prevalent type (0. angtdalum, 0, annulalvm, (). buUalum, 0. bidense, 0. suh- 
unduUUum, 0. traefuoUe), but with .species of Trochocnas and Qouiphoceras. Tlie 
numbers of straight and cui-v’ed cephalo^KsIs form one of the distinguishing features of 
the zone. At one locality, near Leintwardine in Shrojishire, which has been prolific in 
Lower Ludlow fossils, particularly in star-fishes and eorypterid crustaceans, a fragment 
of Oyathaspis ItuUnsis waa discovered in 1859. This is the earliest trace of vertebrate 
life yet detected in Britain. 
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(6) AymaAry Limestone— ti. dark grey, aomewhat earthy, concretionary limestone in 
beds from 1 to 5 feet thick. Where at its tliickest (from 30 to 50 feet) it forms a 
conspicuous feature, rising above the soft and denuded Lower Ludlow shales. Owing 
to the easily removable nature of some fullers'-carth on which it lies, it has here and 
there been dislocated by large landslips.. It is still more inconstant than the Wenlock 
limestone. Though well developed at Ayniestry in Herefordshire, it soon dies away into 
bunds of calcareous nodules, which tilially disap[>ear, and the lower and upper divisions 
of the Ludlow gioup then come together. The organic remains at present known are 
for the most j)ait identical uitli Wenlock forms. Jt is evident that the organisms 
whhdi lloiuishod so abundantly in the clear water wherein the Wenlock limestone was 
accumulated, continued to live outside the area of deposit of the Lower Ludlow 
rock, and rea[tpeared in that area with the return of tlie conditions for their existence 
during the dej)Osilioii of the Ayniestry liiiiestune. The most characteristic fossil of 
the latter roik is the rentamet un Knigktii; other common forms are Hhj/nchonelht 
(tVilsoiiia) infsimi, Uayia {Terebratula) uavicula, Lingula Lewisii, Utrophamenu 
(Sfrnphonel/a) englyplut^ Atnjpa reticularis, Vterinea Sowerbyi, with many of the same 
sheila, corals, and trilobitcs found in the Wenlock limestone. Indeed, as Murchison 
has pointed out, except in the. less iiuinbcr of specie.^ and the occurrence ot some of 
the shells more chunuteristic of the Upper Ludlow zone, there is not much pala'onto- 
logical distinction between the two luucatones.* 

(c) Upitei' Ludlow liuck. - In the original Silurian district described by Murchison, the 
Ayiiu*.stry liinestoiie is covered by a calcareous shelly band full of Dayia {Rhyiwhoiiella) 
naricula, soiuctimes 30 or 40 feet thick. This layer is succeeded by grey sandy shale 
or mudstone, often weathciiiig into concretions, as in the Lower Ludlow zone, and 
assuming externally the same rusty-hrown or gieyish olive-green liue. Its harder 
beds are quarried for building stone ; hut tlie geneial character of the deposit, like 
that of the argillaceotis portions of the Up|Hji Silurian formations as a whole, in the 
typical district of Siluria, is .soft, incoherent, and ciumbling, easily decomposing once 
more into clay or mud, and presenting, ih this respect, a contrast to the hiird, fissile, 
and often slaty shales of the Lower Silurian aeries. Many of the sandstone beds are 
crowded with ripple-murks, rill- marks, and annelid-trails, indicative of the shallow 
littoral waters in which they were deposited. One of the uppermost sandstones is 
termed the “Fncoid IJed,” from the number of its eylindrical seaweed-like stems. It 
likewise contains numerous inverted pyramidal bodies, which are believed to be casts of 
the cavities made in the muddy sand by the rotary movement imparted by tides or 
currents to crinoids or seaweeds rooted and half buried in At the toi) of the 
Upper Ludloiv rock, near the town of Ludlow', a brown loyer occni’s, from a quarter of 
ail inch to three or four inches in tliickness, full of fragments of hsh, Ftenjgotus, 
and shells. This layer, termed the “Ludlow Bone-bed,” is the oldest from which 
any considerable number of vertebrate remains has been obtained. In spite of its 
insignificant thickness, it has been detected at numerou.s localities from Ludlow us iar 
as Pyrton Passage, at the mouth of the Severn — a distinco of 45 miles from north to 
south, and from Kington to Ijedbnry and Malvern a distance of nearly 30 miles from 
W'est to east ; so that it probably covers an area (iiow' largely buried under Old Red 
Sandstone) not less than 1000 square miles in extent. Yet it ap|)ears never to exceed, 
and usually to fall short of, a thickness of 1 foot. Fish remains, however, are not 
conBned to this horizon, but have been detected in strata above the oiiginal bone-bed 
at Ludlow. 

A considerable suite of organic remains has been obtained from the Upper Ludlow 
rock, which, on the whole, are similar to those in the sub-groups underneath. Some 
minute globular bodies, witli internal radial structure {Pachylheca), occur with other 
plant romaius {Pocky sporangium, Actinophyllum, ChondrUes). Corals, as might be 


^ ‘Siluria,’ p. 130. 


Op. cit. p. 133. 
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•opposed from the moddy character of the deposit, seldom occur, though Murchison 
mentioua that the encrusting form FawsiUsi3f<nUiaUipora)fibrosus may not infrequently 
be found enveloping shells, Cyelonema corallii and Murchiionia eorallii being, as their 
names imply, its favourite habitats. All the corals of the Ludlow group are also 
Weulock species. Some annelids {Serpulites langissimus, Cornulites scrpularim, and 
Trachydtniia eoriaceum) are not uncommon. The crustscea are represented in the 
Upper Ludlow rock l>y ostracods {Bcyrichia Kivr.drni, Lej>erditia maryituUti, Entomts 
tubenm), phyllocarids {CeTOliocaris), and more especially by eurypterids (Euryptrrus, 
Hcmioitjns, Pterygotus, Slimonia, Slylonunis). The trilobites have still further 
waned in the Upper Ludlow rock, though Homdmuftiu Knightii^ Encriiiurns 
punctatus, Phacopn Downifigm, and a few others still occur, and even the iiersisteni 
Ccdymetie Jiluimnbachii may occasionally be found. Of the brachioj^iods, the most 
abundant forms in this group are Lingula minima, L. lata, OrbieulouUa rugata, Jlhyn^ 
chondla {IVilsonia) fVilsoni, Strophamena {Stroph^odonta) Jilam, and Ckundca alrwtrlla. 
The most characteristic lamellibranchs are Orthoiiota amygdalina, Ooniophora cymbx- 
formia, Ptennea lineata, P. retroflexa ; some of the commonest gasteroi>odH are Mvrrht- 
aonia earallii, Plaiyxhiama htlicUea, and Jlolopella itbaalda. The orthoceratites are 
specifically identical with those of the Lower Ludlow rock, and are sometimes of large 
size, Ortlioceraa hullatuuL being specially abundant. The iish-remains consist of lames', 
teeth, shagreen-like scales, }date8, and fiu-spines. They include some dennal tuliercules 
{Tketodaa), shagreen - scales (Sphayodus), and some ostrawKlerms, Cephalaapit {C. or 
Hemicyclaspia MurcJiiaoni), Auchxnaapia {Thyestia) {A. ^liaiUri), Cyathaapia (C. liankaii, 
CJ Iwiensia), and PJukeraspia {Pledrodua) (i?. puatuli/erua). Some of the spines 
described under the name of Onchna are probably crustacean. 

{d) Tilcstonea, Dotenton Caatle Stone, and Ledbury Shales. — Above the Upper Ludlow 
shales aud mudstones lies a group of fine yellow, red, and grey micaceous sandstones from 
80 to 100 feet thick which liave long been quarried at Downton Castle, Herefordshire. 
At Ledbury these sandstones are surmounted by a group of red, purple, and grey marls, 
shales, aud thin sandstones, having a tinited thickness of nearly 300 feet. Originally 
the whole of these flaggy upi)er parts of the Ludlow group were called “Tilestoncs” by 
Murchison, and, being often red in colour, were included by him as the base of the Old 
Red Sandstone, into which they gradually and conformably ascend. They ]>oint to a 
gradual change of physical conditions, which to<ik place at the close of the Siluiian 
period in the w’est of England and brought in the |)cculiar deposits of the Old Red 
Saiidstone. There is every reason to believe that for a long time the marine sedimenta- 
tion of Upi)er Silurian type continued to prevail in some areas, \ 9 hile the probably lacus- 
trine type of the Old Red Sandstone had already been e8tablisb<><l in others, and that 
by the breaking down or submergence of the barriers l)etween these different areas, marine 
and lacustrine conditions alternated in the same region. The Tilestones are the records 
of this curious tramsitional time.' 

Vegetable remains, some of which seem to be fucoids, but most of which are prob- 
ably terrestrial and lycopodiaceous, abound in the Downton sandstone and passage-beds 
into the Old Red Sandstone. The euryptcrid genera still continue to occur, together 
with phyllocarids {Ceratiocaria) and vast numbers of the ostracod Beyrkhia {B. Kloedxni). 
Prevalent shells are Lingula cornea and Platyachiama helicitea. The Ludlow fishes are 
also met with. 

In the typical Silurian region of Shropshire aud the adjacent counties, nothing can 
be more decided than the lithological evidence for the gradual di8api)earance of the 
Silurian sea, with its crowds of graptolites, trilobites, and braebiopods, and for the gradual 
introduction of those geographical conditions which brought about the deposit of the 

' On these passage-beds see Hymonds, ‘Records of the Rocks,* 1872, pp. 183-215; 
Q, J, O, S. xvL (1860), p. 193 ; Boli^rts and Randall, op. cit. xix. (1868), p. 229 ; also 
the remarks made on the corresponding strata in Scotland, pp. 942, 965. 
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PijC. 382.— Group of Upper Silurian llollnsca. 


0 , Whitfleldiella (MerUtina) didyma) Dalm. ; b, Stronhomena antiquata. Sby. ; c, Lingula liewiail, Sby. ; 
rf, nectambonites (Lapt^eiia) tran'tverMalia, Dalm.; r, Rhyncnonella borealia, ^hloth.; f, Rli;^- 
rhonella Wilaoni, Sby.; g, Caniiola iiiterrupta, Brod.; b, Ambonychia acuticosUta, McCoy; i, 
Modlolopaia Nilaaoui, Hia.; j, (.irthonota amygdalina, Sby. ; k, Oonlophora cynibarfonuis, Sby. ; I, 
Omphalotroclma (Euoinphalua) rugoaua, Sby.; », Trochiu Cttlatua, McCoy (f); n, Pbragmoceraa 
veutrlcosuiu, Sby. ()): Grthoceraa anmilatuui, Sby. (4); p, Trochoceraa (Lituitea) gi^nteum, 
Hby. (\) ; q, Gphldloceraa (Lituitea) articulatnui, Sby. 
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Old Bad Sandftona. The fine grey and olive-ooloured mude, with their occaaional xouee 
of limestone, are anooeeded by bright red claya, aandstones, corvatonea, and conglomer* 
atea. The evidence fh>m foaaila ia equally explicit. Up to the top of the Ludlow rocka, 
the abundant Silurian fauna continuea in haidly diminiaheii numbers. But as soon aa 
the red strata begin the organic reinaina rapidly die out, until at last only the fish and 
the large eurypterid crustaceans continue to occur. 

Turning now from the iutereating and extremely important, though limited, area in 
which the original type of the Up])er Silurian rocka is developed, we obsefve that, 
whether traced northwards or south-west- 
wards, the limestones disappear, while the 
soft mudstones and shales give way to 
hard slates, grits, and flagstones. It is in 
Denbighshire and the adjacent counties 
that this change becomes most marked. 

The Tarannon shale above descrilied passes 
into that region of North Wales, where 
it forms the base of the UpiHir Silurian 
formations. It ia covered by a scries of 
grits, flags, sandstones, jnudstones, and 
.shales, which in some places are at least 
3000 feet thick. At their base lie the 
Pen-y-glog slates, containing Cyrtogiaptus 
Mnrehiaoni, Afonograptus vomennus, Af. 
priodon^ Retiolilea geinitzianm, Anroeulw 
halu>tU, Orthocertis Sedg^viekii — an assem- 
blage which, no doubt, represents the fauna 
of the Weiilock shale. Next conies the 
Pen-y-glog grit, containing plants {Nema- 
t-ophycus, Po/chyth^i'a, and the lycopod 
referred to on p. 980), and followed by the 
Moel Fenia slates {Afonograptus priodon, 

Af. Flemingii), the Nantglyn flags {Af. 
coloutts, Cardiola, (Mhoceras primeevum, 0. 
ventricommy 0. Scdgv'icHi), further grits 
and line hard siliceous bauds {Afoiu/graptus 
hintwarditiensia, the zone fossil at the top of 
the Lower Ludlow Rock, and other organ- 
isms). The highest (Dinas Bran) part of the 
series may be paralleled with the Up{>er 
Ludlow shales.' Instead of jASsing up conformably into the base of the Old Red Sand- 
stone, as at Ludlow, their highest strata are hero absent, and they are covered by that 
formation unconformably. They had l>een upturned, crumpled, faulted, and cleaved before 
the deposition of those iwrtions of the Old Red Sandstone (Upper) which lie upon them. 
These great physical changes took place in Denbighshire when, so far as the evidence 
goes, there was entire quiescence in the Shropshire district ; yet the distance between 
the two areas was not more than about 60 miles. The subterranean movements were 
doubtless connected with those more widely extended upheavals that converted the 
floor of the Silurian sea over the area of Britain into a series of isolated liasins, in which 
the Lower Old Red Sandstone was laid down (pp. 981, 999). 

Upper Silurian rocks appear in a succession of inflated areas from the Midlands 
south-westwards to the Bristol Channel, Among these inliers special interest attaches 
to that of Tortworth in the south of Gloucestershire, where two bands of volcanic 

1 P. Lake, q. J. G. H. IL (1895), p. 9. 



Fig. SSS.—FosmI Mcutpioii {Paln'frphnnuB mtedonfruii, 
Hiinter), Upin-r Hilunaii, LeumahaKOW, 
ahire (about Iwioi* nat. Hire). Drawn l>y Mr. li. 
N. Feacb. 
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mftcerials (basaltic lavas and tuffs) point to volcanic eruptions in .that district befon 
the deposition of the Upper Llandovery rocks, and again before Lower Wenlook time 
These are the latest Silurian manifestaticms of volcanic activity yet found in. the 
British Isles. * 

In Westmoreland and Cumberland a vast mass of hard slates, grits, and 
flags was identified by Sedgwick as of Upper Silurian ago. These form the varied 
ranges of hills in the southern part of the Lake District, from near Shap to Diiddon 
Mouth. The following are the local subdivisions, with the conjectural equivalents in 
Siluria:"- 


Kirkby Moor Flags 
Hay Pali Flags 
(2000 feet). 


Bannladale Flags 
(5200 feot). 


(Toniston Orlts 
(upwards of 4000 
feet). 


Goniaton Flags 
(2800 feet). 


( Thick bade of hard eandatona, maasive and concretionary or flaggy ' 
and micaceous (Phaeopa Dotmiingiw, P. caudotwi, Ceraiioearlt 
inormtua, Lingula comta, OrtkU luntUa, OrOimMa anygdalina, 
Holopella gregarla, //. oonica). 

f Calcareous beds {Dayia tuttfieula abundant) probably equivalent* 
to the Ayiiiestry Limestone. 

Handstone and Shale, with star-flahes (Prohuter). 

I Dark blue flags and ^ts of great thickness. 

\{Monograptuii IfintwardinenHa ranges through the Bannisdale 
i Flags and M. cdonua and Af. Salu^ also occur.) 

[Flami and greywacke generally unfossillferous, but containing 
Monograptua eolonua, M. ttohemieita, Af. Rotmeri, CarJiola inter- 
rupia, Orthocerua angulutvm, 0. primaevum, (Jemtloraria Mur- 
ehiaoni. 

Dark grey coarse fl^ divided by Sedgwick into stages which are 


= Upper 
Ludlow Group 


Middle 

Ludlow Group 


Btockdale Shales 
(200-460 feet). 


characterised by Mr. Marr as follows : 


Upper Coldwell fleds (lower part of zone of Monogrnptua tnihrmi- V 


l/ower 

cim) with Af. eolonua', Af. Riinneri, Spirorbia Leunaii,' Ceratioearia Group 

Murehiaoni, Enerinurua puHvtatua, Phaeopa Stokeaii, Cardlola 
interrupta, Pterinea auhjulmta, Orthooeraa ^imnsrum, 0. UlmitU- 
atum, 0. aultundulatum, 0. ludenae. 

Middle Coldwell Beds (zone of Phaeopa otduabnutUitua) •wU'h t'ur- 
dlda i/UerrupUi, Orthooeraa subannulare, 0. angulatuni, 0. Ihie- 
atum, 0. tnbruxUum. 

Lower Coldwell Beds (zone of Monograptus Nilaaoni), 

Brathay Flags (zoJie of Cyrtograptna Murehiaoni), foa.<iil8 chiefly i 
graptolites inclinling Monograptua priodon, Af. I’nmrrlaus, Af. I 
cvliellua, RetlolHea geiniteianua, Apt^opaia, ('ardiola interrupta, j 
Orthooeraa primmvum- Thickness more than 1000 feet, } 

“ Upper pale green and purple shales with badly preserved \ 
fossils, 67 feet. 

Lower pale sixties (65 feet) with zones of Monograptua criapua 
, , and Af. turricutatua. 

Upper blue mudstones with two bands of black and blue 
graptolitic shale, the up^r of which contains Monograptua 


imnoi 

ii: 


Wenlock 

Group. 




ipihlgerua, the lower Af. Cfinpani. 

Mludle blue mudstones with three hands of dark graptolitic 
shale, the htgheat being the zone of Monograptua eonvolutua, 
(with M. gregariun, M. Clingani, Kustritea peregrinna and 
many other graptolites), the middle being the zone of Mono- 


= Llandovery 


grajAua argeiUeiia (with Af. gregariiia, Af. leptotheca, and ten Group, 
other species ; RaMritea peregi inva. and three other species ; 

JHpbograptua tamarlaeua, D. Hugheaii, Cliinueograptua nor- 
media, and other fossils) ; and the lower Iwnd being the zone 
of Monograptua Jtmbriatua, M. gregariiia, M. tenuia, and other 
species; Raatritea peregrinua, Dljiograptua tumariscus, Prtnlo- 
graptua ovatua, Climaoograptua luyrmUia. 

Lower calcareous shales « zone of Dimorphograptua con/ertua, 
with Monogra^ua revoliUua, Af. tenuia, Diptograidua veH- 
ouloaua, he., resting on a thin limeatoiie with Atrypa. 

, ftexuoaa. f 

In some places beneath these shalM a conglomeratic band occurs that forms 
their base and lies unconformably on Lower Silurian strata. 


In the northern part of the Lake District a great anticlinal fold has taken place. The 

^ Professor Lloyd Morgan and S. H. 'Reynolds, Q. J. O. H. Ivii. (1901), p. 267. 

> For papers on the Upper Silurian rocks of the Lake District see R. Harkness and H. 
A. Nicholson, Q. J. O. S. xxiv. (1868), p. 296 ; xxxUi. (1877), p. 461. Nicholson, op. cii. 
p. 62]^ ; xxviii. (1872), p. 217, ‘An Essay on the Geology of Cumberland and Westmoreland, 
1868. Nicholson and Lapworth, BriL As$oe, 1876, sects, p. 78. Aveliue and Hughes, 
Qeol. Survey Memoirs, Aa^rfanaftonj qf Sheet 98, S.E. and N.E, 1872. Marr, Q. J. G. S. 
xxxiv. (1878). p. 871 ; Geol. Mag. 1892, pp. 97, 584. Mart and Nicholson, J. O. S. xliv. 
(1888), p. 654. 



BitxmA^ mnu m 

Skiddaw slates arch orer and are succeeded by the base of the Tolcanic series abore 
described. But before more than a small portion of that series has appeared, the whole 
Silurian area is overlapped unoonformably by the Carboniferous Limestone. It is 
necessary to cross the broad plains of Cumberland and the south of Dumfriesshire before 
Silurian rocks are again met with. In this intervening tract, a synclinal fold must lie, 
for in the south of Scotland a broad tract of Upper Silurian strata is now known to 
form the greater part of the pastoral uplands which>atretch from the Irish Sea to the 
North Sea. Its northern limit where it rests conformably upon and passes down into the 
Caradoc group, extends from a little south of Port Patiick north-eastwards to near Dunbar. 
The strata throughout this region have been thrown into innumerable folds which are 
often reversed. The result of this disturbance has been to compress the rocks into 
highly inclined positions, and to keep the same group at the surface over a great breadth 
of ground, so that in spite of their steep angles of dip the strata are made to 
occupy as much 8i>ace on the map as if they were almost flat. Here and there, where 
the anticlines are more pronounced and denudation has proceeded far enough, long boat* 
shaped inlicrs of Lower Silurian rocks have been laid bare underneath the upper series 
of formations. In this way the Llandcilo volcanic group (p. 961) can bo traced by 
occasional ex]>osures for some 90 miles to the north-eastward from the Ayrshire coast, 
where it is most largely doveloi>ed. Hy far the larger part of the Uplands is formed of 
rocks whicli, from the researches of Professor Lapworth among their graptolitic con- 
tents, are now known to be the general equivalents of the Llandovery and Tarannon 
groups.’ In the central jwrt of the region the Llandovery rocks are represented by 
greywackes and shales, including the black graptolitic Hirkhill shales which form two 
bands separated by alternations of grey and green shales, and are snlxlivided aa follows 
in ascending order : -- 

1. Zone of IHplogruptm with IHmwrjJioftraptH* rlo/igattuf Aftmo- 

gniptii* aitfnuuUM, M. trniiiti. 

liOwer BirkliiU.' 2. Zone of lUjitof/mptun with Moiutgrnptin* Af. tenui'M, 

3, Zone of MonogmptH* grrgur.n*, with Af. fimhrxituH, Af. convnlutvf, Diplo- 
gntptiii/ohuin, prrrgrinuti, tc, 

' 1. Zone of Munogniplvit Clin^nt, with Af. mnwZort#, A/. Sftigwiekt; Ptiaio- 
irnn..r HirWl.ill . griiptw oomtUi. 

upper KirKiiiii. ^ AfotKVmpfM* ^tnigrnu (M. dtrtanA, Ac.). 

. 8. Zone of Iltutrita num'mtu (Monograptwt tumi'vlntuf, &c ). 

Tlie Tarannon group of the same district, consisting of shales, flagstones, grey wackea, 
and grits, with lunds of conglomerate, contains some of the Birkhill graptoliies, others 
which (MISS up into the Wen lock series {Morntgraplus eru/um, AI, crispu-t, M. xomtrinu$^ 
kc.), and a few which a)qM‘ar to be mainly if not exclusively confined to this group 
{Af. turricuiatus, Af. exiguua, AI. cri^pus, Af.pandus). In Ayrshire the etjuivalcut strata 
present a much greater diversity of sedimentation, tliick masses of conglomerate, lime- 
stone, and calcareous shale being conspicuous. In that district accordingly there is so 
marked a contrast in the abundance and variety of the organic remains, that the 
strata may lie com|»ared with the more fossiliferous dc]>osit8 of the original and typical 
Silurian region. Representatives of the Wenlock and Ludlow groups are traceable 
along both sides of the Silurian region. In Lanarkshire these strata have been 
long celebrated for the number and variety of their merostomata {EurypUrus, 
3 species ; Pterygotus, Z ; SHmmia, 1 ; Stylonunu, 1 ; Neolimultu, 1). They have also 
yielded the scorpion (Fig. 383) and the myriA{KHl already referred to (p. 943). Abovo 
the Ludlow rocks of the Pentland Hills, Lanarkshire, and Ayrshire lies a conformable 
group of red and yellow sandstones, mudstones, and conglomerates wliich were formerly 
reganle<l as the base of the Old Red Sandstone. But the discovery in them of a 
tolerably abundant marine fauna, identical with that of the up}iermost Silurian strata, 


’ See Lapworth, Qttarl. Jmrn. Geol. fioe. xxxiv. (1878), xxxviii. (1882); Gaol. Mag, 
1889. pp. 20, 59; Ann. Mag. N(U. Hist. 1879, 1880. Also the detcriptions by Meiera. 
Peach and Heme in the detailed Memoir of the Geological Survey, already cited on p. 960. 
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has led to their being placed at the top of the Silarian aeries. They are probably 
equivalents of the Tilestones and Downton Sandstone. Their chief paleeontological 
interest is the discovery in them of five genera of fishes, some of which’ have not been 
found elsewhere (p. 942). 

The Scottish type of the Upper Silurian formations is prolonged south-westwards 
into Ireland, where the Llandovery group of Birkhill has bwn recognised not only in 
Down, but in Tyrone, Fermanagh, and other counties. Evidence of contemporaneous 
volcanic action has been obtaine<l from the Silurian rocks of the east of Ireland.^ 
Upper Silurian rocks representing the Llandovery and Wenlock formations attain an 
enormous development hi the west of Ireland. In the picturesque tract between Lough 
Mask and Killary Harbour, where they reach a thickness of more than 7000 feet, they 
consist of massive conglomerates, sandstones, and shales, with Llandovery and Wenlock 
fossils and intercalated felsites, diabases, and tuffs. Again, in the Dingle promontory 
of County Kerry, Upper Silurian strata full of Wenlock fossils contain the most im- 
pressive proofs of contemporaneous volcanic action ; agglomerates, tuffs, and volcanic 
blocks being intemingled with the fossiliferous strata, which are further separated by 
thick sheets of nodular felsitic lavas.^ 

Basin of the Baltic, Russia, and Scandinavia.^ — The broad depression which, running 
from the mouth of the English Channel across the plains of Northern Germany into the 
heart of Russia, divides the high grounds of the north and north-west of Europe from 
those of the centre and south, separates the European Silurian region into two distinct 
areas. In the northern of these we find the Lower and Upper Silurian formations 
attaining an enormous development in Britain, but rapidly diminishing in thickness 
towards the north-east, until in the south of Scandinavia and the Gulf of Finland, they 
reaih only about ^•yth of that depth. Along the Baltic shores, too, they have on 
the whole escaped so well from the dislocations, crumplings, and metamorphism so con- 
spicuous along the north-western European border, that to this day they remain over 
W'ide aitaces nearl} as horizontal and soft as at first. In the southern European area, 
Silurian rocks appear only here and there from amidst later formations, and almost every- 
where present proofs of iutenso subterranean movement Though sometimes attaining 
considerable thickness they are much less fossiliferous than those of the northern part 
of the region, except in the basin of Bohemia, whei'e an exceedingly abundant series of 
Silurian organic remains has been preserved. 

In Russia, Silurian rocks must underlie the whole vast breadth of territory between 
the Baltic and the flanks of the Ural Mountains, beyond which they spread eastward 
into Asia. Throughout most of this extensive area they lie in horizontal undisturbed 
beds, covered over and concealed from view by later formations. Along the southern 
margin of the Gulf of Finland, they appear at the surface as soft clays, sands, and 
unaltered strata, which, so far as their lithological characters go, might be supposed to 
be of late Tertiary date, so little have they been changed during the enormous lapse of 
ages since Lower Palaeozoic time. The great plains bonnded by the Ural chain on the 

^ A. G., Q. J. O. S. xlvii. (1891), Presidential Address, p. 150: 'Ancient Volcanoes 
of Great Britain,’ vol. i. and authorities there cited. Summary of Progress Oecl. JSurv. 
1900, pp. 51-59. 

* Q. J. O. S. xlvii. p. 159, and authorities cited. Consult on Irish Silurian rocks the 
Explanations to the one-inch Sheets of the Geological Survey. 

’ Consult the works of Angelin and Kjerul^ already cited (p. 924) ; Linnarsson, Svensk. Vet. 
Akatl, viii. No. 2 ; Zeitsch. Deutsch. OeoL QeseU. xzv. p. 675 ; Oed. Mag. 1876, pp. 145, 240, 
287, 379 ; GeoC. F^ingms Stockholm FUrkandl. 1872-74, 1877, 1879. S. L. Tdmquisi, 
Kong. Vet. Akad. F&rhatuU. 1874, No. 4 ; Ged. mren. Stoekkdm F^handl. 1879. 
liundgren, Neues Jahrb. 1878, p. 699. BrOgger, 'Die SUnrischen Etagen 2 uud 8 im 
K^stiania Oebiet,’ 1882. F. Schmidt, Q. /. G. S. 1882, p. 514. J. E. Marr, Q. J. G. S,' 
1882, p. 313. A. O. Nathorst, 'Bveriges Geologi,’ Part i. 1892, and papers cited below. 
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east, by the uplands of Finland and Scandinavia on the north, and by the rising grounds 
of Germany on the south-west, have thus from a remote geological antiquity been 
exempted from the terrestrial corrugations that have affected so much of the rest of 
Europe. They have been alternately, but gently, depressed as a sea-floor, and elevated 
into steppes or plains. But along the flanks of the Ural Mountains, the older Palteozoio 
rocks have been uphcaved and placed on end or at a high angle against the central 
portions of that chain ; and, according to the observations of Murchison, Keyserling, and 
De Vemeuil, have been |)artially metamorphosed into chlorite-schists, mica-schists, 
quartzites, and other crystalline ro<?k8. To the north-west also, over a vast region in 
Scandinavia, they have been subjected to gigantic displacements and great regional 
metamorphism (pp. 693, 798, 925). 

Taking first their unaltered condition, we find them well exjwsed along the southern 
shores of the Gulf of Finland, in the Baltic provinces of Russia, where, according to F. 
Schmidt, they fonn with the Cambrian groups below them oi»e continuous and con- 
formable series, capable of arrangement as in the subjoined table : 

( Stage K. Upper Oesel Zone (.'>0 or 60 ft. - Lu*llow (iroup)— grey lunestoncs 
and marls, yellow limestones: Spirifer dtvatus, Ctumetf^ striatdla^ 
Jieyrichla (nhrri'ulaUu PUritmt rHroftejni: an abundant eurypterid 
fauna and fish remains ((hirhvs, The.Mus). 

I. Lower Oesel Zone (60 ft. =: Weiilock) -cbietly dolomites with marls: 
Orlhocerus annvlaluin, OmpfmhytmchHs glohitsiis [Kuomphahi* 
/unatujt), Spir\frr critpns, fh-thh (Ifyantula, PlecUmhonite* 
{Lepitena) transventahH. 

H. Peiitaraerua-esthonuH Zone -m the e:i.st. dolomites ; in the west, grey 
roral limestone, with I'tin cdhuUus Springtypora 

hifurcaia, Favoniten gotlitmiicu, JlalyKiIca (5 sp.). 

[3. Kaikull Beds (100 ft. )~coral- reefs and flagstones! LfjterdUia 
Keyserlingii, Phacops elegaH9. 

2. Boreali.s Bank (40 ft. — consisting almost entirely of agglomerated 
J. ^ shells of Pentamfrvg hortnlu. 

I 1. Jorden Beds (20-30 ft.) — tlim calcareous flagstones and marls: 

1 Leperditiu Hiaingeri, Orthia haruhoni, f^mphimetia (Ortho- 
L thftejs] jMcUii, RhyncfmiaHa affima. 

F. (1) Lyckholm and (2) Borkholm Zoiu'h (100 ft. - Middle Bala or 
Caradoc), contain the most uhiindaiit fauna of all the stages : 
Phacops (Chaavwps) mnermro, Cheirurua octohibatus, Knerinurua 
imUtiacgmentaiits, Bdlfrophon hUitlxjUva, Struphomenu expanaa, 
Orthia veapertUio, 0. Ado7iiap, O. inaidaria. The limestones of this 
platfonn are in great part fonneil of calcareous algae( Hhabdopardla). 

E. Weseuberg Zone (30 ft. — Bala or Caradix:)--hard yellowish liine- 
.stone, with marly partings: Plrdamfmidra {Leptn'iuif aericea, 
Stropfunnena ddloidea, Orthia leatudinarui, Phiirnpa Xifatkmoskiif 
P, ircacnhergeiiaia^ Emrinurua Seehachi, OyMc hrn‘u:nuda. 

D. Jewe Zone (100 ft.), consisting of a lower or Jewe band and an upfier 
or Kegel baud : Cheirurtia paeudohemicrunium, Jlemiamiitea «c- 
traneua, Lkfuta dtifiexa^ L. t/lmtiaidea, t’hnamopa fmcniieniat 
Strophotnena Aamusii, 

' 3. Itfer BeiLs (20-30 ft.)— hard limestone with nilireons coDcreiions ; 
fauna nearly same as in C. 2, bnt with some peculiar trilobitesf 
and some fonns belonging to Stage D. 

2. Kuckers Shale (Brandsciiicfer), consisting of bituminous marls and 
limestones (30-50 ft.) : Phacopa erUia, /\ (Ohaamopa) Odins, 

C. < Cheirurui ^nuloaua, PUurotomaria elliptica, PorasnioniteaUrt- 
tior, Orthia lynx, Kdiinaaphwritea (KchiMaphaara) nurafUiuna. 

1. Echinosphserite Limestone, fcc. (20 50 It, = upiiermost Orthocera- 
tite Limestone of ^ma\\eo)~Echinosphemlea aurantium^ and 
Orihoceraa regtUare are the most characteristic fossils, with 
numerous trilobites. 

* Mem. Ae. Imp. St. Ptterd). (7) xxx. (1881), No. 1 ; Q. 7. H. S. Kxzviii. 1882, p. Mi 
3euef Jahrb. 1893, i. p. 99. 
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' 8 . Orthoceratite (V^naten-) Limestone (8-30 ft. = Orthoceras 
limestone of Scandinavia)— ^ard grey limestone crowded with 
Ortluicerus eonmune and 0. vaginatum ; also Phacups aeUrops, 
Cheirurva omatus^ Asaphua fieroa, Anipyr naauiua, kc. 

2. Glauconite Limestone (12-40 ft.) — Magalaapia planilimbata. 
Stage Cheirurna clav^rona, Aaaphua expanaua^ Param^nitea reticu- 
latva, Orthiaparva. 

1. Glauconite Sand (Greensand), lying directly on the Cambrian 
Dictyouema shale (1-10 ft. = Ceratopyge Stage of Scandinavia) 
■—Obiilm ailuriaia, Sipfu/nolreta, fAnyula ; “conodouts" of 
I (. Pan<l(M-. 

Fosriliferous Silurian strata must extend across the vast territory of Northern Russia, 
for they not only occur in the Ural Mountains but have recently been found by Nansen 
along the shores of the Yugor Strait in the Kara Sea, where they include brachiopods 
(among them the widespread PleetambmU-es {Le'fAmna) aericea and species of Ortkis and 
StrophoKMna) also trilobites {MegaJaapia^ Aaaphua, Pemopleuridea), indicating, probably a 
horizon equivalent to that of C. 1 a in the Baltic provinces, or Stage 4 a a in Norway.* 
In Scania, the Silurian series has been subdivided into graptolitic zones as in the 
subjoined table ; * — 

A. Upper Groups — Cardiola shales, with limestone and sandstone. 

B. Middle Group, with the following zones in descending order: (a) Cyiio- 
yrapiua Cnn'iitJierai ; {b) 0. riyidua; (c) C MunJiiaimi ; (d) Monoyraptua 
riccartonensia : (e) Cyrtog. LaptotrrtMi ; (/) (7. (?) spimlia ; (p) 0. Gray at. 

C. Ijower Group, compo.sed of the following zones in descending ortier : (a) 
Monoyraptua ameta ; ( 6 ) Grey unfossiliferous shales ; (c) Cepkalograptua 
cometa ; {d) Mon. leptotheca ; (e) M. gregariua ; (/) M. cyjihua. 

D. Upptir Group, composed of the following zones in descending order ; («) 
IHplograptua, sp. ; (6) Phacopa mucronata ; (c) Staurocephalua clavi- 
frona; (d) Unfossiliferous marly shales ; (e) Niobe. lata; (/) Unfosaili- 
ferous shales ; (g) Diplograptua quadrimucronatva ; {k) Tnnudeua, sp. ; 

(t) Calymene dilatata ; (&) Unfossiliferous shales. 

E. Middle Group — Oraptolite shales, with zones of (o) Climacograptua ruyoaua; 

(b) C. atylokleua ; (c) Block unfossiliferous shales ; {d) Limestone bond, 
with Ggygia, sp. ; (e) Dicranograptua Clingani; (/) Climacoyfaptua 
Vaaae : (.gr) Unfossiliferous shales; (A) Ccenograptua gracilia; (t) Thin 
apatitic band ; {k) Diplograptua putilliia ; (/) Glosaograptua ; (m) (^mno- 
gmptua Linnaraaoin ; (n) Qloaaograptua \ (o) Didymograptus geminva 
{Murcltiaoni), 

F. Lower Group, composed of the zones of (a) PhyUog^ aptua, sp. ; ( 6 ) Ortho- 
ceras limestone ; (c) Tetragraptus shales (lower graptolite shales) ; (rf) 

L Ceratopyge limestone. 

The island of Gothland has long been celebrated for its development of Upper 
Silurian rocks, which are there more fully displayed than in any other part of the Baltic 
basin. Acconling to Lindstroin ** the following subdivisions of them may be made 
■ H. Cephalopoil an<l Stromatopora-Limestone (20-30 feet) with Phraginoceraa, 
Aacoceraa, Oloaaoceraa. The Stromatopora forms a reef like a modem 
coral-reef. 

G. Megalomus-Limestoue (8-12 feet) with Cyrtodonta {Megalomua) gotlandicua, 

. Trimerdla. 

I F. Crinoidal and Coral conglomerate (20 feet), a limestone made up of stems 
of cruioids, corals, and other fossils. Among the crinoids are s])ecies of 
,3 Orotalocrinua, Enallocrinua, Barrandeocrinua, Cyathocrinua ; there 

* J. Kiter, in Nansen's * North Polar Expedition,’ iv. No. xiL (1902). 

* 8 . A. Tulll>erg, 'Skanes Graptoliter,’ Sverig. Oeol. Underadktn, aer. C. No. 50, 
1882-88. 

^ A full list of the fossils of tlie highest Upper Silurian deposits of Scania is given by K. 
A. Grduwall, Qed‘ Fdren, Stockholm, xix. (1897), p. 188. 

* Nema /aAr 5 .^i 888 , i. p. 147, and F. Schmidt, op. cU. 1890, ii. p. 249. Murchison, 
J. O. S. 1847. H^Munthe, Sverig. Oeol. Underabkn. ser. C. No. 192 (1902). 
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occnr also Spirifer Schmidti^ PeHiammta conchidxum. This band lies 
somewhere al>out the horixon of the Ayniestry Limestone, 

E. Pterygotus-clay or marl (1-2 feet) with abandant fraKmeuts of JHerygotvi 
also Pha^ganocaris, Strophom^na, ConvUiria, Ac. 

f D. Limestone, oolite and marly bands (50 feet) with numerous laniellibranchH ; 

I species of Pterinea^ AvicxdopecUii^ and (iratHmynia, also Orthis bfualis, 

0. b^orata, and Atrypa Angeling Lichus, Cyclomuui (Miaituluin, Ac. 

, C. Younger marly shales and sandstone (100 feet), with a large and varied 
"S 'j assemblage of fossils like those of the Weulock Shale {PfMcop$ 'Dotntingue, 

^ I P. vulgarU, Homalonntna Knighti, Stroplunnrna fugtypha, (hrthis bUoba, 

I Sfrophojfwna Walmstalti, RhyxirhoneUa \VilAf>tnJMluH'era»annuhitum, 0. 

I gregarium^ Monograplua Ittdenaia, M. cohmvs, RetioUtes geinUzianv-», Ac. 

. B. Stricklnndiiiia-marl (8 feet) with HelwliieH, PhimoiMirti, JIalysUes, Bronteut 
?? platyactin, Calyinene papillosa, C. frmtosa^ Orthis IkividMmiy 0. 
g and especially the abundant StricklantHnia lirata. 

'g I A. Older red marly shales (thickneas unknown) with some 40 species of 
ji fossils, among which are Favosites gotlfoutica, F. Ft>rbfsi, Unlyaiies, 

1, PUimrtpcrcu, Amclinophyllum dijfflwns, Ac. 

In the Christiania district, the following subdivisions in the Silurian fornmtions 
have been established ; — 

( y. Compact grey, often bituminou.s limestone, with abundant 
Orthuceras cochleatum anil Chmietu struttfUa. 

(i. drey, somewhat bituminous limestone, with shsles and clays, 
a. Fissile green or grey marly shale.s containmg the last gnipto- 
litcs. This au<l the two overlying members have a unitcil 
depth of 835 Norwegian feet at Ringerige. 

L Stages 6 A 7. Coral limestone and Pentaraerus limestone. 

Stage 5. Calcareous sandstone, with /fA.vnrArmeWrtrf»witmfrt and shales (Brachio- , 

pod-shales), 150 to 370 feet.» 

,, 4. Shales and marls, with no<lules and short lieds of cement-stone \Tn- 

nudeHs, Cluumiops), 70u feet. 

„ 3. Graptolite shales, Limestone in two or more bwids- (Orthoceras-, 

Asaphus-, Megalaspis-limestoue), 250 feet in places, resting uimn 
C the alum -shales of the Primordial zone. Tins stage has been sub* 

ge divided by Brogger as follows : - 

,3 f 3 <5 7. f>rfAocems-liine.stone, 8 to 13 feet. 

3 c] 3 c j3. Ab!pansM.s-8hale8, 10 to 15 feet. 

(3 c o. Jlf^ffAiM/>w-linie.Htone, 3 to 4 feet. 

3 b i*hyllogruptus-(ilia\ts., 8 to 80 feet, 

f 3 ft 7. Ceratopyge-Wnwtiinxvf, 3 to 5 feet. 

3 fl-J 3 a ^ CVfe<opy^e-shales, 3 to 28 feet. 

[ 3 f/ a .5^ijt>/tyj»«rfts-shale and limestone, 1 to 20 b'et. 

Beneath these formations lie the zonei) of OfeiieWits (1 6), Varddoxidn (1 c, 

Gknits (2 a-d) of the Cambrian system already referred to (p. 924). The fossils of the 
three sub-grouiMJ that make up gi-oup 3 a form the Euloma-Niobe fauna (p. 922), an are 
probably equivalent to the Treraadoc group of Wales. The Phyllogrnptus-n »a ea (• 
are crowded with Arenig graptolites, * ♦ u 

In the great bandof older Palaozoic strata which has l,eeii already referred to as stretch- 
ing for a long distance through the heart of the tjcandiuavian peninsula, the reco^isa e 
Cambrian zones are followed in Jemtland by representatives of the Lower Silurian su 
divisions of Southern Sweden and Norway. The Olenus group (p. 924) is coyerct y 
the Phyllograptus shzlea (3 h), with species of Tetragraplys, Didynu>graplm, Phyll^plia 
and other genera. These strata pass under the OrlAoceras- limestone, in which can 
recognised the zones of Megalaapis limbata (8 e a), A$aphuM expanaus (3 c, p), aapt* 
gigaa, and Aaaphua plaiyurus (8 c 7). Next come some black shales with Onruna, 
THnueletu. IUrnnua, Ampyx^ Channopa, Ac. ( 4 ), followed by grey sandston ee 

1 This stage has been the subject of detailed study by Mr. J. Ki«r. VideiM> Shrift, 
Chridiania, 1897, No. 3 ; Nwga. Geol. UiuUrtOg. Aarhog for 1902. 



970 


STRATI&RAPHIOAJ, QSOIOOY : A ^ 


and shales with brachiopods, JSn£rinuruSf Ampyx, JEglxiMt Ac. (6), probably the npper- 
most division of the Lower Silurian formations. It is interesting, however, to note that 
the lower portion of the Upper Silurian series has also been detected in Jemtland, whore it 
is represented by a dark PentameriuAxme&tom with numerous fossils lying on a quartzite 
containing Phacops, and by some upper shales full of graptolites {Cyrtograptus^ JHplo- 
graptuBf ReHoliten) and a number of species of MonograptuB {M. discus, Flemingii,jaculum, 
lohifer, priodon, torlUis, Ac.).‘ 

When the ground along the western side of the Scandinavian axis is examined the 
older Palieozoio strata present a remarkably different development from that of the 
southern part of the peninsula.^ In the Jemtland region just noticed it can be seen that 
the lithology of the formations was even originally very different, and that Avithin 
that region great variations in the nature of the materials can be traced. These initial 
divergences, however, have been greatly aggravated by subsequent regional meta- 
morphism. According to the researches of Kjenilf, Dahll, Toniebohm, Brbgger, Reusch, 
and other geologists, vast masses of quartzite, mica-slate, gneiss, hornblende-schist, clay- 
slate, and other crystalline rocks can bo seen reposing upon recognisable Silurian strata 
in numeroits natural sections. As an example of this structure the subjoined section is 
taken from the Hardanger district as observed by Brogger : * — 


5. Various crystalline schists, halleflint, mica-schist, horn- 
blende-schist, gneiss, Ac. .... 300 metres. 

4. Greyish green phyllite ..... 220 ,, 

8. Impure marble . . . . 10 ,, 

2. Quartzite (“ blue quartz”’) . . 40 ,, 

1. Alum-slate . 46 to 50 ,, 

l*re-Cambrian granites, gneisses, and other crystalline .schists. 


The alum-slate has been changed by regional metamorphism into a glossy bluish-black 
puckered phyllitic mateiial, but shows in its upper parts layers containing recognisable 
Dictyograptvs ^aMli/ormis. 'fhere cannot therefore bo any doubt as to the position of 
tliis band in tlie stratigraphical series. The quartzite retains still much of its original 
character as an ordinary siliceous sandstone, and may bo taken to be an equivalent of the 
lower part of Stage 8 of the Cliristiania district. The marble is probably an altered 
orthoceras-limestone (Stage 3 c). The phyllite (4) has originally been a shale, perhaps 
that of Stage 4. The halleflint rocks at the bottom of the overlying gneisses were no 
doubt originally felspathic sandstones (aparagmite) ; the hornblende-schists were, jwr- 
haps, partly marl-slates, partly highly basic igneous rocks ; the mica-schists are for tho 
most part highly altered shales. These overlying crystalline schists, like those of the 
Scottish Highlands, may not only consist of metamorphosed Cambrian and Silurian 
sedimentary! formations, but may not improbably include also portions of different 
pre-Cambriah systems whicli, together with the Palaeozoic strata, have been subjected 
to such groat disturbance as to have had a new crystalline structure superinduced upon 
them. Enormous displacements and lateral thrusts have driven tlie crystalline rocks 
over the fossiliferous strata, as in Scotland, but the details of this structure, which has 
been long recognised by Tornebohm, have still to be worked out. As regards the date 


> C. Wiman, BuU. Geol. Inst. Upsalii, i. No. 2, 1893. 

' J See Dahll, F&rh. Vedetuk-Seiskub. Christiania, 1867. Kjerulf, ' Norges Geologi,’ 1879. 
Tornebohm, Hihaiig Svexisk. Akad. Handl. 1. Na 12 (1878) ; Geol. For. Stoekkotm., vL (1883), 
p. 274 ; xiii. (1891), p. 37 ; xiv. (1892), p. 27 ; NoJtwrs, xxxviii. (1888), p. 127. Brogger, 
' Die Silari.sch. Stage.’ p. 352 ; * Lagfolgen p& Hardangerviddo,’ Norg. Osol. UnderOg. No. 
11 (1893). Pettersen, Tromso Museums Aarahtft, vi. (1888), p. 87. F. Svenonins, News 
Jahrh. (i.) 1882, p. 181. Nathorst, ‘Sveriges Geologi,’ p. 141. 

^ The overlying gneisses, &c. in this section, as already stkted, are now admitted to havabeen 
thrust over the Cambro-Silurian strata, which acted as a kind of lubricating material that moved 
relatively both to the older rocks above and below. See p. 798 and authorities there cited. 
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of these great earth^movements and metamoiphism, it is important to remembor that, as 
already stated (p. 798), Upper Silurian foraila have been found by Rensch at Bergen in 
the crystalline schists themselves, as well as in the limestones intercalated in and under- 
lying them. Abundant encriuites have also been foun<l in limestone lenses among the 
green schists around Sulitelma in the heart of the central mountains of the ])eninsula.^ 
Wastexn Europe. — The researches princi|ially of Gosselet and Malaise have demon- 
strated that a considerable part of the strata grouped by Dumont in his “Terrain 
Khcnan," and generally supposed to be of Devonian age. must he relegated to the 
Silurian aeries.^ Though almost concealed by younger formations, the Silurian i-ocks 
that arc laid bare at the bottom of the valleys of the Anlennes can be jarallcled in a 
general way as under :~~ 


I'Equivalents of the Ludlow rocks seen in the valley of the Kuette 
between Fosse and Maloniie, containing M, 

NiUsoni^ JietiolUes geinitzianus, Orthocenm, Cardutla inferrup/o, 

&c.* 

Brown sandy shales of Nauinne, with Cyftograptus Murchmmit 
MonograptuB bohemicua^ Ji. ffihmnu -V. priotluii^ M. vomt-nuua, 
^ Rdiditta gdiuiziamu^ Caniiofa iniermpUu (h-thoceras, &c. 
f Quartzites and sandstones of Grand- Manil, with Mtmograptua boJu- 
. I micus, M. galaeusiaf, M, priodtui, M. jtroteuH. M. anbccminiH. 
g ^ I Shales overlying the eurites of Grand-Manil, and containing C/wuiro- 


a* 




0 1 graptus lumiudis, C. rectangnhtria, Ihmorphttgrnphu* dongatua, 

. .. 

I lef 
f Schi* 

1 

! J m 


\, leptotheca, Af. tennis. 

Schistes de Oembtunx ; pyritous black and greeniali shales, which at 
Grand-Manil, in the valley of the Onieau, have yielded Calyniene 
inctrta, Trinuclens aetwtmvi, lllauius lituiynanm, liellerophoti 
bilobatna, Lepttenu {Strophomaua) rfunnbouM is, Orthia lestudinitrni, 
0. veapertUio, 0. caUigramma, O. Admiaa, Climaeotfruptns cumUilna, 
(J. atyloidtua, C, tvhnJiferua, and many more. 

The horizon of the Llandeilo rocks is doubtfully represented at Sart- 
Bernard. 

fOraptolitic shales, with (Jlmuaxjmjdua onfeniuirins, C. fkhiyen- 
J bergi, Dichograptna octobrachiatua, }Hdyw>grfip(na Murchiaoni, Jt. 
I na 7 iiia, Diplograptua foliaceua, 1). tn'enrnia, Pbyffngraptus anguati- 
( fdiua, P. typua, Tetragraptua brynttoiden, Ac. 

Upper Cambrian horizons are represented at Spa and elwwnere by 
IHctyniifim aociale. 


The Silurian rocks of Belgium comprise several contempoianeously ciuptcd masses 
of porphyrite and of diabase, as well as beils of porphyroid, arkose, and eurite. 

Silurian rocks have been detected in many parts of the old Palieozoic ridge of the 
north-west of France. The oider of succession iu Ille-et-Vilaine is as under ; * - 

Oeol, F^^~^ockh,bn xzii. (1900), p. 10,0 ; V. J. Holinquist, Scerig. (Jed. 
Underabk., aer. C. No. 185 (1900). 

Gosselet, ‘Esquisse Grologique du Nord de la France,* y. 34; ‘ L’Anleime,’ Mfin. 
Carte Oid. France (1888), p. 187. Mourlon, ‘ Geol. de la Belgique,’ p. 40. Malaiw, Mfm. 
Couronn. Acad. Roy. Belgique, 1873 ; Bidl. Acad. Roy. Belg. xx. (1890), p. 440 ; xxxiU. 
(1897), No. 6 ; Gmnpt. rend. Congr. Gid. Internal. Paria, 1900, p. 562. C. Barrois, 
Ann. Soc. Gid. Ncrrd, xx. (1892), p. 75, with references to the literature of French Silurian 

» Full lists of Silurian fossils from Belgium are given by Malaise in the paper of 1900 


above quoted. 

^ De Tromelin and Lebesconte, B. S. Q. F. (1876), p. m ; Aaaoc. Franf. (1875) ; Bu«. 
Soe. Linn. Normandie (1877), p. 5. See also Dahroier, ‘ Stratigraphie des Terralni prlmaires 
dans U presqu’Ue de Cotentin,’ Paris (1861) ; B. S. 0. F. (1862), p. 907. De Upparent, 
B. S. a. F. (1877). p. 569. Barrois, Ann. Si»c. GM. Nord, iv. vii. xix. (1891), p, 184 ; xx. 
<1892), pp. 75-193 ; B. S. 0. F. (4) i. (1901), p. 637 ; Bull. Cart. Gtol. Franxt, No. 7, 1890. 
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The existence of the Ludlow formation in Brittany is indicated by 
graptolites, particularly by the disappearance of Oyrtograptus and 
the predomiiiauce of the Monograptus eolontts tyt>e. 

MThite limestone of Erbray (palymene Bluraenktchii, Harpes venuloma), 
Ampelitic (carbonaceous) limestone of Briasse {Monograptus priodon, 
M. Hisingeri^ M. colonus, M. vomerinus, M.jaculum). 

Sandy and ferruginous nodules of Martign^-Ferchaud, Thourie, Ac. 
(Cardiola interrupta^ Monograptus priodon). The presence of the 
Wenlock group among the strata that underlie and liave been over- 
thrust above the Coal-measures in the Pas de Calais, has now been 
demonstrated by fossil evidence, these strata having been formerly 
regarded as belonging to the Carboniferous limestone.* 

Ampelitic (carbonaceous) shales of Poligne {Monograptus crassus^ M. 
Halli^ M. priodon, M. jaculum, M. anivoluttis, M. continens, 
Diplograptus palmeus, Petalograptus folium, RetiolUes geinitzi- 
anus). 

Phtanites of Anjou {Monograptus eonvoliitus, M. crenularis, M. lobi- 
ferys, M. sublob\ferus, M. SedgwicH, M. eyphus, M. erispus, M. 
Clingani, Petalograptus folium, Diplograptus Hughesi, Rastrites 
persgrinus, R. Linnwi). 


’'Slates of Riadan {Trinucleus Pongerardi). 

Sandstones (Gr^^ de May, Thourie, Bas-Pont, Saint Germain de la 
Bouexicre, Ac.), containing Trinucle^ts Qddfussi, Calymene Bayanu 
Ovthis redujc, 0. budfeighensis, 0. ptdmnata, 0. valpyana, 0. 
Berthosi, Nudeospira Vicaryi, Lingula Morierei, Pseudarca, typa, 
Diplograptus fdiaceus, D. angustifolius. 

. Slates of La Couym {Orthis Berthosi). 

Nodular shales of Guichen, Ac. (Calymene Tristani, Placoparia Tour- 
neminei, Acidaapis Buchii). 

Slates of Angers {Ogygia Desmaresti, Didymograptvs Murchisoni, D. 
euodus, D. nanus, D. furcillatus). 

Shales of Laille and Sion {Placoparia Zippei, Asaphus Quettardi, Ilyo- 
^ tithes cinctus, and Dktyograptus), 

Armorican sandstone (Gr^ Armoricain),* containing Srolithes, Bilobites, 
Asaphus armoricanus, Lingula Lesusuri, L. Hau'keii, L. Salteri, 
Dv^dus Brimonti, Lyrodesma armoricana, Actinodmta, Cteno- 
donta, Redonia, Ac. 

^ Red shales and conglomerates without fossils. 


An interesting series of diabase-lavas and tuffs i.s interstratitied in the Middle and 
Upper Silurian series of the west of Brittany.® 

In Normandy, where tlie first French graptolites were found, some of the species 
characteristic of the uppermost grou{ni of Brittany have been obtained. Silurian fossils 
have also been detected southw'ards in Maine and Anjou, and still more abundantly 
from the ridge of old rocks which forms the high grounds of Languedoc, where the 
following section has been determined.* 


Shales and ampelitic orthoceratite limestones (200 metres) in two stages, the upper 
of which contains Monograptus bohemieus, M. colouus, M. Roemeri, M. Nils- 
soni, and represents the Ludlow rocks; while the lower, with Arefhusina 
Koninekii, Mortogrufdus priodon, var. Flemingii, is equivalent to the Wenlock 
group. 

Alternations of shales and white cystidean limestones. 

* Barrois, Ann. 5bc. (IM. Nord, xxvii. (1898), pp. 178, 212. 

* For the fauna of this important rock see Barrois, Ann. Soc. Gfol. Nord, xix. (1891), pp. 
184-237, 

® Barrois, Bull. Cart. GM. France, No. 7, 1889. 

* Rouville, * Monographic Oeol. de Cabri^res, Herault ’ (1887). Bergeron (‘ 9tude G^ol. 
du Massif ancieu au sud du Plateau Central’ (1889). Barrois (Ann. Soc. GM. Nord, xx. 
(1892), pp. 75-198) discusses fitlly the distribution of graptolites in the Silurian districts of 
France. F. Freeh, Zeitsch. DeyUsch. Geol. Gts. (1887), p. 860. 
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Shales irith OrtkU AcUmiu. 

Greeo shales with concretions (g&teaax) formed around large trilobites, visajpAua 
/Vmnwrfi, lUanui Lebeseontei, Didynwgraphis euodm. These strata are prob- 
ably of UandeUo age. 

Sandstone and grit like the Gres Armoricain, about 50 metres thick, containing 
Cfruxiana, Vexillum, Lingula LeHueuri, Dimtbolus BrhiunUi. 

Shales with calcareous nodules (150 metres) containing B^lengtluni (kJUtrli, 
Agnostua, Calym/tne, lUmnua, Megalaapia^ Dulyuiograptua baUicua, I). prnna- 
tuluay Z). nitidtta, 1). bijidtia, I), indentua, Tetrayraptiia serm, T. quadri- 
brachiatua. These strata and the overlying simtlstoue represent the British 
Arenig rocks. 

Researches in the Pyrenees have revealed representatives of the Lower end Upper 
Silurian formations. The Lower division contains in its uj>per }Virt a chsracteristic 
assemblage of Caradoc fossils, while the Upper includes a large series of strata, which 
from. their graptolitos may be paralleled with the English and Scottish Ludlow, Wciiloek, 
and Tarannon groups.* Three zones with Monogra}4us vomerinua, M. Backi, and M. 
eraasua are well developed, and are compared by Dr. Harrois with the British zones of 
Bastritea nuiximua, Monograptua exiguaa, and Ciniograpltis Oraya' respectively. The 
same observer remarks that these graptolitio faunas of the Pyrenees present more resem* 
blance to others found in the south of Europe than to those in the original typical 
regions of Britain and Scandinavia. The specific types are generally the same as those 
of Bohemia.^ Silurian rocks have been recognised at various points on the Iberian 
tableland, a lower quartzite, with Cruziana, Lingula, Ac., being surmounted by shales 
containing C(Uynmu Triatani, Ac, Graptolite-beariiig schists occur in the province of 
Minho in the west of Portugal.® In the north-east of S|)ain the several formations of 
the Upiier Silurian series have now been determined by means of their graptolites to be 
developed in Catalonia : (1) the white shales of Can Fern-s representing the Llandovery 
group ; (2) the black ampelitic and pyritous shales of Camprodon, the Tarannon ; (8) 
the ampelites of Gracia and Santa-Cren de Olorde, the Wenlock ; and (4) the black shaiee 
of Cervello, the Ludlow.* 

Cantnl and Southern Europe. —Reference has alreaily been made to the remiirkahlc 
fact in the Paheozoic geology of the European continent that while the general facies o! 
the fossils continues tolerably uniform in the north-west and north throughout th< 
Silurian territory first described, that is, from Ireland across the Baltic basin iut< 
Russia, a great contrast is to be noted between this iiorthein facies and that of centra 
and southeni Europe. It is in Bohemia that this contrast is must strikingly presented 
Out of the many thousands of species obtained in that country very few are found als< 
in the north. Among the forms common to the two regions graptolites are especiall; 
prominent, more than a dozen of the characteristic Upper Silurian sjieciea of Britaii 
being also found in the southern province.'^ 

In the important Silurian basin of Bohemia,’ so admirably worked out by Barrandf 
the formations were grouped by him as in the hubjoine«i table 

* Caralp, 'ifetudes g^ol. sur les hauts Massifs des Pyrenees centrales,’ Toulouse, 1881 
p. 463. .J. Roussel, ‘ Etude Stratigraphique des Pyrenees,’ Bull. (JarU. G(ol, France, N< 
35 (1893). 

* Barrois, Ann. Boc. Q(ol. Nord (1892), p. 127. Ou the Silurian rocks of the Asturii 
see Barrois, M(m. Soc, Qtal. Nord, 1882. 

* J. P. N. Delgado, Comm. Trabal. (Jeol, Portugal, 11. fasc. ii. (1892). 

* Barrois, B. S. G. F. xxvi. (1898), p. 829 ; i. (1901), p. 637 ; .Inn. £ioc. OM. Nord. xi 
p. 68 ; XX. p. 61 ; xxvii. (1898), p. 180. 

* Man, Q. J. G. & 1880, p. 603. 

* See Barrande’s magnificent work, ' Syst^me Silurieu de la Bobeme.’ F. Katn 
‘Geologic von Bohmen,' 1892, p. 791. J. E. Marr, Q. J. G. B. 1880, p. 591. F. Free 
Nevea Jahrb, iL (1899), p. 164. J. J. Jabn, Jahrb. K. K. Oed. Reichaanat 1898, p. 207. 



''Stage Shales with coaly layers and beds of quartzite 
{Phaaqts fecuiidua, TentaculUes elegans)^ with 
species QllApiemiy Orthoceraa^ Lituites, Ommtites^ 


&C. SCO ft. 

„ G. Argillaceous linieHtoues with chert, shales,' and cal- 
careous nodules 1000 „ 


Numeroua trilobites of the genera DcUnianitfs, 
Bronteua^ Phacops^ ProStus, Parpea, and Caly- 
nmu : Atrypa reticularia, Ptniammia linguifew 
F. Pale and dark limestone with chert. Uarpea^ Lichas, 

Phacop*^ Airy pa reticvlaria^ PerUamerus galeatus, 
Puvoaites got/andica, F. jUyrosa, TeniactUites, 

E. Shales with calcareous nodules, and shales resting 
on sheets of igneous rock (300 ft), lying with a 
slight nnconformability on the group below 450 000 ,, 
A very rich Upper Silurian fauna, abundant 
cephalopoda, trilobites, Halyaitea mtenularia, 
graptolites in many species, such as are found in 
the Birkhill group of Britain. 

D. Yellow, grey, and black shales, with quartzite and 
conglomerate at base, divided by Barrande into 
five bands numbered Ddl to Ddft, the first being 
further separated into three members Ddl a, /3 
and y. Ddl a and p may perhaps l)e paralleled 
with the Welsh Tremadoc group, Dfil y with 
the Arenig rocks, Dd 2, 3, 4, and 6 with the 
Bala-Caradoc rocks ...... 3000 ,, 

Abundant trilobites of genera Frinueleita, 

Ogygia, Ampkua^ Illsentut^ Remopletiridea, Ac. 

C. Shales, sometimes with porphyries and conglom- 
erates 300 ,, 

Paradojcidea, EUipaocephalua, Agnoatua, Aruni- 
fHua^ and other genera of trilobites referred to 
above {ante, p. 928). 
fi. (irrits, shales, and conglomerates. 

A. Green schists, grits, breccias, tuffs, and hornstones 
resting on gneiss. 


Small though the area of the Silurian basin of Bohemia is (for it measures only 100 
miles in extreme length by 44 miles in its greatest breadth), it has jiroved extraordinarily 
rich in organic remains. Barrande has named and described several thousand species 
from that basin alone, the greater number being peculiar to it. Some aspects of its 
organic facies are truly remarkable. One of these is the extraordinary variety and 
abundance of its straight and curved cephalu|)od8, of which 18 genera and two sub- 
genera, comprising in all no fewer than 1127 distinct species, were determined by 
Barrande. The genus Orthoceraa alone contained in his census 554 species, and 
Cyrtouraa had 330. Of the trilobites, which appear in great numbers and in every 
stage of growth, as many as 42 distinct genera were noted, comprising 350 species ; the 
most prolific genus being BronUua, w'hich included 46 species entirely confined to the 
-Srd fauna or Upper Silurian. Addaapia had 40 species, of which six occur in the 2nd 


Stages H, G, and the greater part of F are dow more appropriately classed as Devonian 
(pp. 981, 998). Kayser, Z. D. Q. G. xxix. (1877), pp. 207, 629, noticed the occurreuco of 
Bohemian '* Upper Silurian " fossils in the Rhenish Lower Devonian rocks ; see also Neuta 
Jahrh. 1884, p. 81, and his coigoint papers with Holzapfel In Jdhrb. Preuaa. Oeol. Landeaantit 
xiv. (1893), p. 236, and Jahrb, K. K, Gad. BeiehanaL xliv. (1894), p. 479. Barrande 
defended bis classification : KerA. A". Oeul, Reicha, 1878, p. 200. 

* *Syst Silur.’ ii. snppt p. 266, 1877. 
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and 84 in the Srd fauni. FrcUus also numbered 40 species, which all belong to the Zrd 
fauna save two found in the 2nd. Othe^ less prolific but still abundant genera arc 
DahmnitMi PhaoopSt and Illamus. The 2nd fauna, or Lower Silurian series, was found 
by Barrande to contain in all 82 genera and 127 species of trilobites ; while the 3r</ 
fauna, or Upper Silurian series, contained 17 genera and 205 species, so that generic 
types are more abundant in the earlier and specific varieties in the iatcr rocks.' 

Reference may be made here to the famous doctrine of Colonies " projiounded and 
ably defended by the illustrious Barrande. Drawing his facts from the Bohemian basin, 
he believed that while the Silurian strata of that region presented a normal succession 
of organic remains, there were nevertheless exceptional bands, which containing the 
fossils of a higher zone, were yet included on dilferoiit horizons among inferior portions 
of the series. He termed these precursory bands “colonies,” and defined tlie phenomena 
as consisting in the partial co-existence of two general faunas, which, considerwl as a 
whole, were nevertheless successive. He supiwsed that, during the later stages of his 
second Silurian fauna in Bohemia, the first jdiases of the third fauna had already apjieared, 
and attained some degree of development, in a neighbouring but yet unknown region. 
At intervals, corresponding doubtless to geographical changes, such as movements of 
subsidence or elevation, volcanic eruptions, Ac., comnuiiiicatioii was opened lietween tliat 
outer region and the basin of Bohemia. During these intervals a greater or less numbor 
of immigrants succeeded in making their way into the Bohemian area, but as the 
conditions for their prolonged continuance there were not yet favoural)Ie, they soon died 
out, and the normal fauna of the region resumed its occupancy, 'rhe deiiosits formed 
during these partial interruptions, notably grajitolitiu schists and calcareous bands, 
accompanied by igneous sheets, contain, besides the invading spcines, remains of 
some of the indigenous forms. Eventually, however, on the final extinction of the 
second fauna, and, wq may suppose, on the ultimate demolition of tin* pliysical barriers 
hitherto only occasionally and temporarily broken, the thinl fauna, whiijh had already 
sent successive colonies into the Bohemian area, now swarmed into it, and {>eopled it 
till the close of the Silurian period.^ 

The general verdict of' palisontologists has been adverse to this original and 
ingenious doctrine. The apparent intercalation of younger zones in older groups of rock 
has been accounted for by such infoldinga of strata as have already lieen described in this 
volume and by the effects of faults. It has been .shown that not only arc the zones 
repeated, but that when they reappear they bring willi them their minute jialteontologi- 
cal subdivisions and their peculiar lithological tft«racterH.‘‘ 

Silurian rocks appear in a few detached areas in (Jermaiiy, but the only comj*arativoly 
large tract of them occurs iu Thuringia ami the Kichtelgebirgc. They present a great 
contrast to those of Bohemia in their comparatively untossiliferoii.s character. In the 
Thuringer Wald, a series of fucoidal -slates (Cambrian, p. y2S) passes up into slates, 
greywackes, Ac. (Griffelschiefer, Ledorschiefer). with Cvaalariu, Orthis, Jsaphics, Ogt/gia, 
and other fossils. These strata (from 1600 to 2000 feet thick) may represent the Lower 
Silurian groups. They are covered by some graptolitic alum-slates, shaleH, flinty slates, 
and limestones {Fa/vosUes gollandicxt, Cardiola intnrup/a, TenlaculiUs wuarim, Ac.), 
which no doubt represent the Upper Silurian group.s. and jjass into the base of the 
Devonian system.* The graptolites include many .species found in the Stockdale shales 
of the Lake District, so that the Llondovery group is well represented in this part of the 


' Op. cit. i. suppt “Trilobites,” 1871. 

* The doctrine of colonies is developed in the ‘Syst^-nie Silurien du Centre de laBohime,’ 
i. (1862), p. 78 ; 'Colonies dans le Bassiu Silurien de la Bohime,' in B. S. Q. F. (2nd ser.) 
xvii. (1859), p. 602; 'Defense des Colonies,’ Prague, L (1861), ii, 1862, iii. (1865), iv. 
(1870). V. (1881). 

* J. £ Marr, Q. J. G. S. 1880, p. 605 ^ 1882, p. 313. 
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continent* In the Harz, the Tsnne greywacke, containing land-planta (p. 937), is 
overlain by siliceoua shales, cherts, and quartzite, above which come graptolitio 
shales with Monograptidse and Cardiala irUermptaJ* Farther east, in Russian 
Poland, representatives of both divisions of the Silurian system have been found. 
The Lower (Bukowka Sandstone) in the Kielce district has afforded a few species of 
braohiopods {Orthia calligrammoy 0. ohtuaa^ 0. laoneta^ Orthisina plana\ while the 
Upi>er, which is better developed, has furnished a large series of distinctive fossils 
{Monograptua priodon, M. UpMhua^ if. hohemicua^ M. cotontLa^ M. acanicua, Climaco- 
graptm acedaria, Gardiola interrupta^ Orlhoceraa gragarium, &c.). The higher parts of 
the series, which may belong to the horizon of the Ludlow rocks, contain, among other 
fossils BeyruJiia Kloedcni^ Spirtfer elevatus, Atrypa reticularis^ Rhipudumella {Camaro- 
toechiaf) nucula.^ 

In the south-west of Russia (Podolia) and in Gallicia, an Upper Silurian area occurs 
in which there is almost perfect {talseontological agreement with the Silurian rocks 
of the basin of the Baltic, but a great contrast to those of Bohemia, with which it has 
only a few brachiopods in common.^ 

Among the Alps, the baud of ancient sedimentary rucks which, flanking the 
crystalline masses of the central chain, has been termed the “ greywacke zone,” has in 
recent years been ascertained to contain representatives of the Silurian, Devonian, 
Carboniferous, and Permian systems.'^ In the eastern Alps, a belt of clay-slate and 
greywacke, with limestone, dolomite, magnesite, ankerite, and siderite runs from 
Kitzbiihel in the Tyrol as far as the south end of the Vienna basin. About twenty 
species of fossils {Orthoeeraa, Atrypa, Gardiola, Ac.) found at Dienten, near Werfen, 
belong apparently to the substage e2 of Bai randoms Stage £. In this band, the strata 
have been changed into crystalline schists. As the fossils are Upper Silurian, a large 
part of the adjacent unfossiliferuus schistose rocks may represent older paits of the 
Silurian system ; but no Lpwer Silurian fossils have yet been found in them in the 
northern Alps. 

In the southern Alps (Garinthia), above the older Paleozoic masses which have 
not yet yielded fossils, the following subdivisions have been given by Stachc in 
descending order 

Limestones (1000 to 1500 feet) with Silurian forms of Pentamerus, Spiri/er, 
Rynchonella, and Atrypa, and^ Silurian and Devonian corals = Stages F, G, H 
of Barrande. 

Dark clay-slates and sandstones with plant-remains, yellow and red crinoid-shales 
= Stage F, in parts Onondago group (f). 

Limestone with orthoceratites, gasteropoda, lamellibranchs, trilobites (Kokberg). 
About 100 species occur in the lower or dark Orthoceras limestone. These 
rocks appear to represent Stage E of Bohemia, and the Ludlow and Wenlock 
groups of England. 

Graptolite-schists with Petedograptua folium, D. priatia, Ac. = Stage D and base of 
E (Tarannon group). 

Grey wacke-slate and sandstone {Strophomena grandia, OrfAts)= upper part of Stage 
D ; perhaps Bala beds.* 


* Marr, Otol, Mag. 1889, p. 414. Tornquist, Qeol. FSren. Stockholm, ix. (1887). 

* Lossen, Z. D. Q. O. xx. p. 216 ; xxii. p. 284 ; xxix. p. 612. 

* G. Gttrich, Verh. Ruaa. Min. Oeadlach. 2od ser., xxxii. (1896), p. 19. 

* F. Schmidt, * Die Podolisch-galizische Silurformation,' St. Petersburg, 8vo, 1875. 

* Von Hauer, * Geologic,’ p. 216. Stache, Jahrb. Oed. Reicha. xxiii. p. -175 ; xxiv. pp. 136, 
884 ; Verh. Oeot. Reicha. 1879, p 216. Stache divided the greywacke zone of the eastern 
Alps into five pre-Triassic groups : 1, Qnartzphyllite group ; 2, Kalkphyllite group ; 
3. Kalkthonphyllite group ; 4, Group of the older grey wackes (Silurian and Devonian) ; 5, 
Group of the Upper Coal and Permian rocks. 

« Verhandl. Geol. Reicha. 1884, p. 25 ; Z. D. G. O. 1884, p 277. 
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In the southern half of Sardinia, Silurian rocks (in part, at least, Upper) hare best 
dirided into tliree zones, the lowest of which contains important metalliferous lodes.* 
Among these rocks Meneghini recognises two chief graptolitic horizons, one probably 
representing the Tarannon sub-group (with Motwgraplus atUennularius, comp. Berl'h if* 
Omiif comp. eorUinejUf M. fumipridis, comp, jacuium) the other (with Jf. eolonujt, if. 
Lamarmora, Jf. multulifenis, comp, voinerinus) answering to the Wenlock group. 

Korth Amtrioa.’— In the United States and (^uads, Silurian rocks spread con- 
tinuously over a vast territory, from the mouth of the St. Lawrence south-westwards 
into Alabama and westwards by the great lakes. They almost encircle and certainly 
underlie all the later Palteozuic dcjiosits of the great interior basin. The rocks are 
most typically devclopetl in the State of New York, where they have been arranged as 
in the subjoineil table : — 

' (6) Lower Helderbetg groups* consisting of 

(c) Upper Pentamerus linjeatone {Pentajntrua pmuio-gaJintus). 

(b) Delthyris limestone {Jleristdla 

(a) Lower Pentamerus limestone (PeTUamerus gaimtux). 

(4) Water- lime (TVa/^icu/i/M, £uryptertui, and Pterygoiua) Ouondago salt group, 
consisting of retl and grey marls, sandstones, and gypsum, with large 
impreguaiion of common salt, but nearly lairren of fossils. The Guelph 
formation, however, with its pale doloiiuieit, has yielded a large series of 
fossils which have been worked out by Hall, Billings, and Whiteaves, 

(3) Niagara .shale and limestone ; JJalyKitta, Favosilea, Caiyment Blumeiihachii, 

. Hovialonotm i/elphiniM'fpfudus^ PlectambimUea {LejHana) tranaveraalia^ 

^ IkndntgrnpUis (7 hfwcies). CaUograptua (4), JHciyouniia, Caiyptogra^iUt 

S ' Jnvcanliji, kc. ; also tish-remains {Oncfius, OlypUispis) in the shale in 

^ Penusylvauia. The Niagara Limestone may be paralleled with the WenJock 

Limestone. 

(2) Cniuton group {Pcntnmtrus vblongus, Atrypa reticularia, Jfottograpltta din- 
toneima, RetioliUa ranosua, kc.). This group may represent the Tarannon 
shales. 

(1) Medina group with Oneida conglomerate y^Mndtolopaia orthonda). 

Id Nova Scotia and New Brunswick Upper Silurian formations of dUferent 
aspect from those above enumerated aix? extensively developed. Several 
thousand feet of aandstoues, slates, iron-ores, black graptolitic slates, 
limestones, and mnd8tone.s have yielded a characteristic fauna ruBembling 

. that of the typical English districts. 

f(6) Cincinnati (Ixirraiue, Hudson River) ^ grouj* {Syringopfta, HalyaiUa, Htrinea, 
rfemtaw, PleciamhunUea {Lcpttfna) serirra, Cfm4ict>grvptua hicomi*, C. 
typicalU, IHpUtgrttpU^a pristta, IK putiUua). This group corresponds to 
the Caradoc rock.s of Britain. 

(4) Utica group— Utica shale (J^ptograptua Jfacrulua, Diplograptus mueronatuaij), 

D. qiuulmnucronnhta, Ortfutgraptu.i quadnmuertmatua, DeTulrograjdiia 
simplejc, Endoerras proUi/vrwe, Orthoctnia Umdloaujti, Triart/tnis Becki). 

* Meneghini, Mem. Arad. Lincei, 18»0. J. G. Bomemanu, ‘Die Verstelnerungen dee 
CambrLschen Schichtensystems der Insel Sardimen,’ Halle, 1886. S. Traverso, AUi. Soe. 
Liguat. Sci. Nat. iii. 1892. 

* See Jfetnoirs of the Geological Sunry of Canada, and the publications of the United 
States Geol, Surv. ; numerous monographs of the late James Hall, of Albany ; Wajeott, 
iiemogr. V.S. O. B. viii. (1884). The graptoHtes have been tabulated by R. R Gurley, 
Jourti. Oed. iv. (1896), pp. 83-102; 291-311. 

* This group is by many geologists placed In the I>evonian system, and a considerable 
amount of controversy has arisen on the subject. It is inserteil here ai^ording to the 
classiflcatlon of Professor H. S. WUliams of Yale University, who would draw the line 
between the Silnrian and Devonian system about the middle of the Griskauy group. Ob 
this subject see his papers, Amer. Journ. Sci. ix. (1900), p. 203 ; Bull. Geol. Soc. Amer. zL 
(1900), p. 833 ; also C. Schuchert, op. cii. xi. p. 241, and other papers cited poaUa, p. 907. 

On this group see C. D. Walcott, BsW. Geol. Soc. Awier. L (1890), p. 835. 
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Trinudtia (mcaUrUmt JUsmut ameneanuit 
/. eramcaudOf Leperditia faibulUeB, OrthU 
{Dalmandla) testudinanoy 0. (Dalmanella) 
ndmquatay (PUUamJboniUs) 

aericeoy Rajinesquina edlertuUa, Murchi' 
sonuiy Conularia, OrthoceraSy Cyrtoceras 
tenuisiriatusy D^ymograptua (7 species) 
ClimalograptuSy J^emagraptus, LepU)- 
graptuSy Dicdlograptua (10), Dwrano- 
graptua (12), Climacograptia (11), Di]^ 
graptua (13), Cryptograptiiay Laaiograptuay 
Qloaaograptiiay Rateograptuay Cl^ro- 
graptusy Jkndrograptuay Dietyoneniay 
TfMmnograptuay Phycf/graptua, &c.* 

(2) Chazy group— Chazy limestone (Maclwea magnay M. Loganiy Orthoceraay 
lUaanuay AaaphtUy Didymograptua, Clmacugraptujy Cryptograptua, Oioaao- 
graptua). 

(1) Caltlfuious group {Linguldla acuminatOy Lqttaenay Conocardium, Ophileta 
compaatOy Orthoemu primigenium, Amphion, BathyuruSy Aaaphuay Cono- 
coryp/Uy Dichograptuay Ttiragrapixay PhyUograptuay Didyvwgraptuay JJiplo- 
graptuay Callogra^uay Dictyonmoy Caryocariay Stc.). This group answers to 

^ the Welsh Arenig rocks.’ 

The number of genera and even of species common to the Silurian rocks of America 
and Europe, and the close parallelism in their order of appearance indicate h fonner 
migration along shallow northern waters between the two continents. Among these 
common species the following may be enumerated as occurring in the Upper Silurian 
rocks of Now York, the coasts of Barrow Straits within the Arctic Circle, Britain, and 
the Baltic basin : Stromaiopora concentricay Halyailea catenularia, Favoaitea gotlai^dica, 
Orihia elegantulOy Atrypa rcticularia. The genera of graptolites appear to have followed 
the same order of appearance and to have reached their full development and final 
decline at corre8iH)nding stages of the Silurian period on each side of the Atlantic. 
Among the Crustacea, trilobites were the dominant order, represented in each region 
by a similar succession of genera, and even to some extent of s[)ecies. And as these 
earlier forms of articulates waned, there apfieared among them al)out the same epoch in 
the geological series, the euiypterids of the Water-lime of New York and of the Ludlow 
rocks of Shropshire and Lanarkshire. 

Sontll Amorioa. — Lower Silurian fossils have been obtained from Bolivia, Peru, and 
Argentina, so that the Silurian system has a wide extension in the central and southern 
pa^ of the continent. Some of the rocks correspond to the Arenig or Llandeilo forma- 
tions of Europe, for they contain AaaphmiXjy Bathyuruay Ampyx, Mtgalaspia, IlleenuSy 

^ The Trenton limestone contains the zones of (a) Mimtievliporidoey with laotelm gigaay 
Oalyutme aenariOy Bolopea aymmetrica, Ac. ; (d) Paraatrophia hemipticatOy with Ctenodonta 
UwUa Ac. ; (c) PUctambonita aeriqeua exclusively ; (d) Orthia {Dalmanella) teatudinaria 
erowdod together, also with Calymene aenaria, lU^fineaguirM altematOy Ac. ; (e) laotelua gigaa 
and Lingula curia, with Diplograptaa amplexicaxUia, Orthoceraa vertebrate, Ac. T. G. White, 
Rqtort qf DvreetoTy New York ^State Muaeum, Appendix A ; Bidl. Oeol. Soc. Amer. x. 
(1898), p. 452. 

* Remains of ganoid fishes, like Hdoptychiua and AateroUpiay and of a chimteroid fish, 
have been found in what seems to be a representative of the Trenton group in Colorado. 
0. D. Walcott, Bull. Ged. Soc. Amer. iii. (1892), p. 153. 

> According to researches by Mr. Selwyn, the so-called Quebec group as defined by 
Logan embraces three totally distinct groups of rock, belonging respectively to Archnan, 
Cambrian, and Lower Silurian horizons ; and in the fossillferons belt of Logan’s Quebec 
group are included, in a folded, crumpled, aud faulted condition, portions of subdivisions 
^at lie elsewhere comparatively undisturbed, and embrace strata even lower than the 
FUtsdam formation. TVvifts. Roy, Soe. C/anadOy vol. i. sect iv. p. 1 (1882). 


f Trenton limestone.* 
(3) Trenton [Black River lime- 
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wtw 



HhitUt, MadHreOt Orthit caUigranima, uid tbe ehftracterittio Didymograj^tuM Murchi$mi. 
A Candoo horixon may perhaps be marked by atrato containing a graptolite cloiely 
related to JHplograjatut truTuatm, while Upper Silurian fosaili have been recorded 
from ParA, Brazil, whence apeoiei of Lingula, OrthU, Ch(m€Ut, Anabaia, Anodon* 
tcpiis, Murckismia, Conularia, Orthocenu, Cgrtoceras, Primiiia, and Bollia have been 
obtained.^ 

Aaia.->Silarian rocks extend into the heart of this continent, thence eastwards to 
China and southwards into India. In Turkestan strata have been found containing 
Eomalomdus bi$iUcatu8, Leperditia Schmidtii, PUurotomaria imcro9triata%nd Leptodomut 
truncalits.^ 

From the province of Sze Chuen, in Western China, Richthofen obtained numerous 
fossils which show the presence there of Middle and Upper Silurian rocks. Among the 
species, some are the same as those that occur in Western Europe, such as Ortkia calli- 
gramma, Plectatnbonitea {Leptana) acricea, Hpirifer radiatua, Atrypa reticularia, 
Favoaitca fibroaa, HelioliUa inter stinctua, Halyaitea catenularia, and others.* 

The Salt Range of the Punjab contains thick masses of bright red marl, with beds 
of rock-salt, gypsum, and dolomite, over which lie purple sandstones and shales. 
These saliferous rocks have been already (p. 933) referred to as containing Cambrian 
fossils, but it is not yet known whether they include any representatives of the Silurian 
system.* In the regions of the Northern Punjab and Kashmir traces of Silurian organic 
remains have been discovered ; while in the north of Kumaun such fossils have been 
found in considerable quantities. In the central Himalayas of Hundes and Spiti a 
series of conglomerates, quartzites, phyllites, slates, and shales from 3000 to 4000 feet 
thick, the age of which does not appear to have been precisely determined, passes upward 
into a group of strata, 1200 feet or more in thickness, which is assigned to the Silurian 
system. It consists in great part of coral-limestone and has furnished a large number 
of fossils, including species of Sphmrexochua, Lichaa, Calynune, lUanua, Chtirurua, Ac.* 

Auitrslsais.— In Australia, Tasmania, and New Zealand the existence of the 
Silurian system has been proved by the discovery of a considerable number of character- 
istic fossils. In Victoria both Lower and Upper Silurian fossils have long been known 
to exist in a thick series of sedimentary deposits, the older portions of which, perhaps 
including Cambrian and even pre-Cambrian rocks, have been altered into crystalline 
schists.* The Lower Silurian strata, consisting of sandstones, slates, shales, mudstones, 
conglomerates, and breccias have yielded a considerable number of graptolites which, as 
usual, are crowded together in the black shales. By means of these fossils the rocks have 
been separated into graptolitic zones, which may be broadly paralleled with those of 
Europe. In the shales of Lancefield the oldest group of fossils includes species of 
Bryograptua, Leptograptua, Didymograptua, Tetragraptua, Cloiwgraptua ; apparently above 
these lie the graptolites of Castlemaine, of which tlie lowest zone is distinguished by the 
abundance of Tetragraptia frtUicoaua, associated with T. quadribrachiaiua, T. aerra 
(bryonoidea), Dichograptua, sp. Phyllograptua typua, Ooniogrnptua, Thamnegraptua 
typua, Didymograptua eaduceua. The next zone in ascending order is marked by 

' D. Forbes, Q. /. 0. S. xvU. (1861), p. 63. Kaywr, Z D. G. 0. xlix. (1897), p. 274 ; 1. 
(1898), p. 428. E. T. Newton, Qeol. Mag. 1901, p. 195. J. M. Clarke, Archiv. Mua, 
Nac. Bio da Janeiro, x. (1899). 

* 0. Romanowski, 'Materialen zur Geologic von Turkestan,' 1 Lief. St. Petersburg, 
1880, p. 89. 

* Richthofen's < China,’ vol. iv. pp. 87, 60, where descriptions of the fouUs are given 
by Kayser and Lindstrdm. 

* A. B. Wynne, Mem. Qtd. Sure. India, xiv. See also PalaaonU. Indica. ser. 18, voL 
L (1887), p. 760 ; Medlicott and Blanford, ' Manual of the Geology of India,’ 1879, p. xxv. 

* Medlicott and Blanford, cp. cU. p.'649, and 2nd ed. by R. D. Oldham, p. 116. 

* R. A F. Murray, * Geology and Physical Geography of Victoria,’ Melbonme, 1887, p. 88. 
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the abundADce of Didyinograptus Injidut ; the third by the profosion of Phyllograptus 
typm and IHUijiiwytaptus cadiuxu$, while higher up Logaiioyraptns Logani is the 
prominent K|)ecieH.* Up{)er Silurian formations, said to extend over a considerable area 
of the colony, consiMt of sandstones, mudstones, shales, and slates with crinoidal and 
coral limestones. They have yielded an abundant series of fossils, including corals, 
star-fishes, crinoids, tnlobites {Phacops^ Lithaa, lldmalonotua, ProtUcua, Calymenf, ttc.) 

lu the Macdonnell Range of Central South Australia the presence of Lower Silurian 
rocks is indicjited by the discovery there of sj^cies of Amphua, Orthia, Ophileta, Pa- 
phialoma, MureJiiamiitf, Orthocertta, and Kndocfraa} In New South Wales it is the 
Upi>er Siluiian formations which have Iieen developed, expanding there, in a succession 
of shales, limestones, sandstones, grits, and conglomerates, to a thickness of sometimes 
more than .‘)000 feet (Yuss). From these strata a large suite of organic retnaius of un- 
mistakabUs Upjier Silurian types has been obtained. They include species of Alveolitea, 
Cyathophyil um, FutmUca, Ualijaitea, Ileliolites, Omphyma, Bronteua, CeUymene, Chfirurus^ 
Entrinurua, Humaloiwtua, Prottus, Lqatarta, Pentai/icrvs, and many more.’ It is in- 
teresting to note among these fossils the world-wide s^iecics Favoailea aapera, F. Jibroaa, 
F. tjotlandica, Otnphyina Murchiaoni, Calytnene Blummbac/iii, Encrinunis punetatua, 
Proitua Ktokeaii, Atr\ipa iHicularia, A. hnnupherica, ( 'lu»irtfa atriatilla, PlednmboniUa 
{Leptmnn) at'rurn, Prutamerua Knightii, P. ohlongua, and others otjually familiar. 

Tasmania likewise furnishes n good repicsenlation of both suhdivi.sions of the 
Silurian system. The I^ower division is grouped by Mr. R. M. Jidin.ston in two sections, 
the older of which, the Auriferous Slate group, consists of slates and grits with 
graptolitos (Didyniinjrajitua ) ; the younger, the (Gordon River group of limestones and con- 
glomerates, has yielded a varied fauna of corals {Ifa/yaitea, Favtisitts, Syringopora, 
Phillipauat /‘Hit, Ac. ),brAchiopotls, lamcllibranchs ga.steroiKnl.s ( Hit ph isit/mu, Ac), 

cephalopoda {(Mhoanta, LituiUa), and other organisms. The Upper Silnrwn formations 
of the island, classeil in the Eldon group and consisting of slates, mudstones, sandstones, 
oouglomerates, and limestones, have supplied many fossils, among which aie species of 
Pentamei'tia, OHhut, Stropfuniiem, Ctilyment, Ac. 

In New Zealand a thick mass of sediineiitary foMiiutioiis, classed by Captain Hutton 
as his Tukaka system, has been sulalivided into (1) a lower division (Wanaka, including 
the Mount Arthur and Aorere series of Sir J. Hector) in which a few crinoids, graptolitos, 
and a coral have been found, and which are referred to the Lower Silmian scries. They 
are much disturbed by hornbleiidic and syenitic eruptive rocks ; and (2) an u]>(>er division 
(Baton River series, including the Kakanui and Waihao series), consisting of slates, sand- 
'stones, and limestones, from which Calymoie Alumenbachii, Spiriffr rtuHatua^ Strick- 
laiuiinia lirata, and other Upjier Silurian forms have been procured. A great part of 
the so-called melaniorphie schists are probably Upper Silurian rocks.* 

Section Hi. Devonian and Old Red Sandstone. 

In Wales and the adjoining counties of England, where the typical 
development of the Silurian system was worked out by Murchison, the 
abundant Silurian marine fauna disappears in the red rocks that overlie 
the Ludlow group. From that horizon upwards in the geological series 

* T. S. Hall, Pn>c. Ray. Sae. Victoria, 1894, 1896, 1897, 1898. F. M*Coy, ‘Prodromua 
of the Palttontology of Victoria,’ Dec. i. ii. aud v. 

’ R. Etheridge, jinir. ' Additional Silurian and Mesoioio Fossils from Central Australia,* 
Adelaide, 1893. De Koninck, ' Foss. Palwos. Nouvelles QsUes du 8ud,’ 1876. 

R. Etheridge, jimr. * A C^atalogue of Australian Fossils,’ Cambridge, 1878 ; W. B. 
Clarke, ’Remarks on the Sedimentary Formations of New South Wales,’ 4th edit. ; C. S. 
Wilkinson, ‘ Notes on the Qeology of New South Wales,' Sydney (1882). 

* F. W. Hutton, Q: J. 0, S, xlt. (1885X ^ 198 : Hector, ’Handbook of New Zealand,’ p. 37. 
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we have to pass through some 1 0,000 feet or more of barren red sand> 
stones and marls, until we again encounter a copious marine fa\um in the 
Carlioniferous [iimestone. It is evident that between the disappearance 
of the Silurian and the arrival of the Carbonifertnis fauna, very great 
geographical changes occurred over the site of Wales and the west of 
England For a prolonged period, the sea must have l>oen excluiled, or 
at least must have been rendered unfit for the existence and development 
of marine life, over the area in question. The striking contrast in general 
facies between the organisms in the Silurian and those in the Carl)oniferoui 
system, proves how long the interval l)etw'een them must have been. 

The geological recortis of this interval in Wales and the west of England 
are still only partially unravelled and interpreted. At present the general 
Iwilief among geologists is that, while in the west and north f)f Europe the 
Silurian sea-lajd wjis upraised into land in such a way as to enclose large 
inland basins, in the centre and south-w^cst the geographical changes did 
not suffice to exclude the sea, which continued to cover that region more 
or less completely. In the isolated basins of the west and iK>rth, a peculian 
type of deposits, termed the Old Red Sandstone, is Ijelieved to have 
accumulated, \vhile in the shallow seas to the south and east, a series of 
marine sediments and limestones was formed, to which the ..ame of 
Devonian has been given. It is thus supposed that the Old Red Sandstone 
and Devonian rocks represent different geographical areas, with different 
phases of sedimentation and of life, during the long lapse of time between 
the Silurian and Carboniferous perirxis. A somewhat similar contrast 
between the lithological and palaeontological characters of the corresponding 
formations in different parts of the United States and Canada, shows that 
in America also this geological period was marked by geologicjil changes 
which produced distinct geographical conditions in adjacent regions. 

That the Old Red Sandstone of Britain does represent the prolonged 
interval between Silurian and Carboniferous time can be demonstrated by 
innumerable sections, where the lowest strata of the system are found grwlu* 
ating downward into the top of the Ludlow group, and where its highest 
beds are seen to pass up into the base of the Carboniferous system. But the 
evidence is not everywhere so clear in regard to the true positifui of the 
Devonian rocks. That these rocks lie between Silurian and Carboniferous 
formations was long ago shown by Lonsdale from their fossils. But it is a 
curious fact that in some countries where the I.K)wer Devonian beds are 
developed, the Upper Silurian are scarcely to be recognised, or, if they occur, 
can hardly be separated from the so-called Devonian rocks. It is quite 
possible, therefore, that the lower portions of what has been termed the 
Devonian series may, in certain regions, to some extent represent what 
are elsewhere recognised as undoubted Ludlow or even perhaps Wenlock 
rocks.^ We cannot suppose that the rich Silurian fauna died out abruptly 

^ According to Ktyser and Bejrrich the llmMtonM of the Hercyniin Miiee in the Hart 
and NaMau, together with Barrande’e Upper SUartan Stages P, O, H, in Bohemia, are to im 
regarded as truly Devooiaa, and as beiiig the deaper-water equiraleota of the aretiaceoua 
•eriea of the norniel Lower Derpniau aeiiee on tha Rhine. {Abhamdl. Qtol. HpedulkarU 
Pretutm, II. Heft 4, 1878. Z. D, O. Q. xxxiii. (1881), p. 628.) See podm, p. 993. 
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at the close of the Ludlow epoch. We should be prepared lor the die* 
covery of Silurian rocks younger than the latest of those in Britain, such 
as Barrande showed to exist in his £tage H, or for a Devonian facies of 
fossils in rocks which are nevertheless regarded as Silurian. The rocks 
termed Lower Devonian may partly represent some of the later phases 
of Silurian life. On the other hand, the upper parts of the Devonian 
system might in several respects be claimed as fairly belonging to the 
Carboniferous system above. ^ 

The marine or Devonian type must be regarded as the more usual and 
widely extended form of the system. It will therefore be taken first in 
the following descriptions. The Old Red Sandstone, with its extremely 
interesting but more local development, will be afterwards discussed. 

I. DEVONIAN TYPE. 

§ 1. General Characters. 

Rocks. — Throughout central and western Europe, the Devonian 
system presents a remarkable persistence of petrographical characters, 
indicating probably the prevalence of the same kind of physical conditions 
over the area during the period when the rocks were accumulated. The 
lower division consists mainly of sandstones, grits, and greywackes, with 
slates and phyllites. These rocks attain a great development on the 
Rhine, where they form the material through which the picturesque 
gorges of that river have been eroded. In the central zone, limestones 
predominate, often crowded with the corals and mollusks of the clearer 
water in which they were laid down, and in some cases actually repre- 
senting former coral-reefs.-* The upper series is more variable : being in 
some tracts composed of sandstones and shales, in others of shales and 
limestones, but everywhere presenting a more shaly thin-beddjd aspect 
than the subdivisions beneath it. Considerable masses of diabase, tuff 
(schalstein, p. 175), and other associated volcanic materials are inter- 

^ J. B. Jukea proiH>Ned a aolutiou of the Engliah Devonian problem, the effect of which 
would be to turn the whole of the Devonian rocks into Lower Carboniferous, and to place 
them above the Old Red Sandstone, which would thus become the sole representative in 
Europe of the interval between Silurian and Carboniferous time. Journ. Roy, Qtol. Soc. 
Inland^ lSd5, 1. Part. 1, new ser. ; Q. J. O, S, xxii. 1866, and his pamphlet on ' Additional 
Notes on Rooks of North Devon,' Ac. 1867). The Devonian question," as it has been called, 
has evoked a large number of papers, of which, besides those cited in subsequent pages, the 
following may be enumerated ; Professor Hull, Q, J. 0, S, xxxv. (1879), p. 699 ; xxxvi. (1880), 
p. 266. A. Chami>ernowne, Oeol. Mag. v. 2nd ser. (1878), p. 193 ; vL (1879), p. 125 ; vili. 
(1881), p. 410. The general verdict has been adverse to the explanation of the structure of 
North Devon proposed by Jukes, and the position of the Devonian system has now been 
definitely established on the continent of Europe and in the United States. 

* Dupont, Btdi. Acad. Roy. RdgigHO (3) U. ; Camples rend. Feb. 18, 1884. Bull, Soe. 
BAg. CM. vi. (1892), Memoires, p. 171. The ftequeut singularly lenticular character of 
Palssosoio limestones is explicable on the assumption that in many cases they grew up in 
patches after the manner of modem coral • reefs and shell-banks. The intermpted bands 
of shale in the Belgian Devonian limestonee are regarded by M. Dupont as representing 
mfiilngeoua that were filled up with muddy sediment 
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ealcated in the Devonian system in Devonshire and in Germany. As a 
rule, the rocks have been subjected to more or less disturbance, and have 
in some places been plicated, cleaved, and even metamorphosed into 
schists, quartzites, &c. In some districts^ they have been invaded by 
lai^e masses of granite and other eruptive rocks. 



fig. S 84 .— Devonian and Old Bad Hnndatone Arthropod*. 

«, btheri* membimnncM. Pncht., nat. iIm ud magniftfd (Lower Old R»d Snadtloi)**) ; b, BdUmpIs 
M mto- striata, Sandb,, magniSed (Upper Devonian); r, Burjrpteru* pygmrus, Halt. (Lowet 
Old Red Sandstone); d, Pterygotus anglieui, Ag., n»d. (Lower Old Bed Handstune) ; f, Pbaooie 
tatifroiw, Bronii. (Lower Devonian); /.BronUus Sabellifer.Coldf. (Uwer Devonian); g, Homalonotui 
annatiu, Barm. (l<ower Devonian). 

Among the economic products, the most imi)ortant in Europe are th# 
ores of iron, lead, tin, copper, Ac., which occur in veins or lenticular 
masses through the Devonian rocks (Devon and Cornwall, Harz, Ao.)« 
In North America the Devonian rocks of Pennsylvania contain bands 
of “ sand-rock " charged with petroleum. 
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Lip£. — A cryptogamic flora covered the land during the ages that suc- 
ceeded the Silurian period. As the remains of this veptation are chiefly 
preserved in the Old Red Sandstone facies of deposits, it is described 
at p. 1001. The true Devonian rocks contain remains of marine vegeta- 
tion (Chmtdrites, Bythotrephis), and likewise traces, often badly preserved, 
of land-plants (AsterocalamiUs, Archseoptms or Palaopteris, Psilophytcn, 
to which the Huliserites, formerly thought to be sea-weed, is now referred). 

The fauna of the Devonian rocks is unequivocally marine. Among 
the more lowly forms of animal life are some of which the true zoological 
grade has been the subject of much uncertainty. Of these, the fossil known 
as Calceda sandulina (Fig. 385) has been successively described as a lamelli- 
branclh, a hippurite, and a brachiopod ; but is now regarded as a rugose 
coral possessing an opercular lid like some other members of the 
cystiphylloid group. The Pleurodidyum problematicum, a well-known form 
of the Lower Devonian beds, is now classed with the Favositidae 
among the tabulate corals. The group of Stromatoporoidea, including 
Sirmiuitopora, Clathrodictf/on, &c., occurs in some of the limestones as 
abundantly and much in the same way as reef-building corals do in a 
modern coral-reef. The curious lUceptaculite.^ already (p. 937) referred 
to, is a well-known Devonian fossil, classed by some authors among the 
calcareous algro, by others among the fomminifera, or even with the 
sponges. The Corals of the Devonian seas were both abundant in 
individuals and varied in their specific and generic range. Not a single 
species is common cither to the Silurian system below or the Carboni- 
ferous above. Among the nigosc forms, the genera Cyathophyllum^ 
Cmbophyllnnij ZaphreniiSy PhillipstiArmy Acermlariay Cystiphylluniy and the 
already mentioned Calcmla are characteristic. The tabulate kinds 
belong chiefly to the important genera of FavositeSy Pachyponiy TrachyporUy 
AlveolUtSy Michelinidy Pleurodidt/imy Auloporay Syringoportiy and Fistulipora. 
The Alcyonaria are represented by species of Ilelioliles and Plasmopora. 
Of the ilchinoderms by far the most abundant representatives are 
crinoids, which occur in great profusion in the limestones, sometimes 
forming entire beds of rock. They belong to the genera UaplorrinuSy 
CupresmnwiSy Cylim'rinu,% HexitcrinvSy Doryrnnu.% Bhipidon'imSy Melocrintts, 
Calc.e.ocrinWy Lec.ytlwcnnuSy IchfhyocrinHSy and others. The cystideans are 
greatly diminished in number, though they linger on into the Carboniferous 
formations j the Devonian forms belong to the genera ProteocystiSy 
. igelacnnuSy and Tiaraerinits. Blastoids, however, are now on the increase, 
and are represented by species of Pentremitidea, NudeocrimU (Elseaciinusjy 
(*(xiiist€ry Phxnoschisnuiy &c, ; ophiuroids or brittle-stars are likewise present 
Eugastei’y Palittophiuray Ophiurinay Ophiura)y as well as true star fishes {Aspido- 
sonuiy PalansteTy Loriolmtery Pidastmscus) and sea-urchins {L’jndoc^tnis). 

The known Crustacean fauna of the Devonian period indicates a 
striking diminution in number both of individuals and of species of trilo- 
bites (Fig. 384). Most of the genera so abundant and characteristic 
among the Lower Silurian rocks are now absent, but a number of the 
Upper Silurian genera still remain, only a few new types making their 
appearance {CryphxuSy Dfchendla). The most frequent Devonian forms 



MKilf. iii 1 1 1 PiVOmAN TYPE 085 


are Cppha$pis, Proetus, Phacops, TrimerocepfuiUts, (kioniochiU (Mtmniies), 
HanuUinoius, Br&nteus, Acidaspis, Calymene^ Harpes, Arges {Lichm) and 
Cheimrus. The ostracods are chiefly represented by the genus Rntmm 
formerly called CypridinOf which occurs in enormous num))ers in some 
Upper Devonian shales (“ Cypridinen-schiefer”), but the geneni hpetditia^ 
pTimiHOj KMinuif Beytichidy Bairdia and Cypridim are likewise present. 
The phyllopods, eurypterids, and myriapods appear chiefly in the Old 
Red Sandstone, and are noticed on pp. 1003-1006 and Fig. 384. 



Kig, 385. — l>t!\iiiu»ii FohkIIh. 

Htringoof'phslu^ Hurtitii, D^f. ; n'i, Do. lateral, and IN), lutemal view ; h, UontcK gryphua, Oef. ; 
r, Spinfer Wmcuili (iliajunctuaX !^w, ; (H, Calcwla naiidalina, nimi. ; d>, 0}H!rcular lid of do. ; 
r, (^ucullasa unilateralm, Sow. (Hardmgii, Sow.) ; P,f^, Mrgalodon curullatuK, Sow. 


The Brachiopods (Fig. 385) hail now reached a remarkable develop- 
ment, whether as regards individual abundance or number of spcciflc and 
generic forms; more than 60 genera and 1100 species having been 
described. They compose three-fourths of the known Devonian fauna. 
Most of the inarticulate forms continue to diminish in numlier, being 
represented by species belonging to the still living genus lAnguk and to 
Cranidy Orbi^oidMy Linddroemellay and a few other genera. Of the 
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articulate types the most abundant are spiriferids, including the genera 
Spirifer (especially broad -winged species), UncUeSy Cyrtiay AmboccUia, 
Fenieuiliay and Metaylasia, The genus Atrypa still continues in its 
ancient and world-wide species A. reticularis. The athyrids are especially 
prominent, some of their genera being Retmy AnoplathecOy VUulimy AthyriSy 
Kayseritty MmstellOy Merista and Camarospira. The rhynchonellids include 
the genera BypothyriSy JSatoniOy PugnaXy UncinuluSy fVilsoniay and others. 
The pentamerids continue, but in decreased numbers (Pentamerellay GypiduUiy 
Amphigenwy Camaropltoria). The orthids are likewise greatly on the 
wane, but continue even into the Permian system. The productids, on 
the other hand, show an increase in number and variety, Some of their 
more characteristic genera being Produciellay Slrophalosiay Chonostr&phiay 
AnopliUy and Ckonetes. The strophomenids, which range from the Lower 
Silurian into the Permian formations, are represented in the Devonian 
system by species of Kaysereltay lApimUy Pholidostrophiay and Siropheodonta. 
The terebratulids make their appearance in this system, where one of 
their most characteristic genera is StringocephaluSy one of the largest and 
most typically Devonian brachiopods (Fig. 385), other forms being 
MegdanteriSy Crypionelltiy DielamOy Etmella, and Tropidoleptus, to which may 
be added the characteristic Lower Devonian R^selariay together with 
Centronellay Oriskanuiy Tngmay and other forms. 

Among the Mollusca of the Devonian rocks remains of the 
ptoropod Tentaculites are sometimes profusely abundant in the lime- 
stpnes. The known Devonian lamellibranchs belong chiefly to the genera 
Pterineay Aclinodfsmay Leptodesma, Pteiia {Avicula)y Cardiolay Megalodmy 
Orammysiay Cucullseay Modiomorphay PleurophoritSy Cypricardelloy Curtonoius 
and Avicdopeden; Pierirm being specially abundant in the lower, CucuUma 
and Curtonoius in the upper subdivision of the system. Important 
genera of gasteropoda are Euomphalusy StraparolluSy MurchisonWy Zoxfwiemo, 
MacrocheiluSy Scoliostotnay CapuluSy Pleurotoimiiiiy Bellerophony and Porcellia. 

The cephalopoda show a marked advance on those of the older 
periods. Among the nautiloids a number of the older families still 
survive, including such genera as OrthoceraSy CycloceraSy KionoceraSy 
Sphyradocei'oSy LoxoceraSy AetinoceraSy CyiioceraSy and Poterioceras. But 
new forms make their appearance {HomaloceraSy HaUoceras, EyticeraSy 
RhadinoceraSy Ceniroceras). The ammonoids now take their place at the 
head of the molliisks, and from' this system onward into the Jurassic 
formations show a constant increase in numbers and variety. In the 
Devonian rocks they appear in their primitive forms, the ciymenioids 
being more especially typical of these strata. The old genus ClymeniOy 
now subdivided into a number of genera, is especially prevalent in the 
limestones and shales of the upper part of the system. The goniatitoids 
make their entry in the genera BacMteSy MimcctraSy AnareeskSy AgfmMkSy 
AphyUitesy PinnaeiteSy OephyroesraSy TimaniteSy TomoceraSy Erancoeenu, 
BeloceraSy and others. The Devonian cepbalopods have been recently 
employed for the- zonal subdivision of the system.^ 

^ Uaug, Jlfm. Soa, GM. JfVanoty PaUontol. 1898. Th« invertotrato frana of th« Kbine, 
8(C., to described by Kayser and others. See table and anthorities died, pp. 991*996. 
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The fish fatuia of Devonian time has been best preserved among the 
deposits of the Old Red Sandstone (p. 1004). It would appear that some 
of the fishes of the inland waters could make their way into the opener seas, 
where they mingled with marine organisms. In the Devonian rocks of 
Central Europe scanty remains of these fishes have been found, more 
especially in the Eifel, but not always in such a state of preservation as to 
warrant their being assigned to any definite place in the zoological scale. 
Professor Beyrich described from Gerolstein in the Eifel an undoubted 
species of Pterichthys, which, as it could not be certainly identified with any 
known form, he named P. rhenanus. A Coccosteus has been described by 
F. Roemer from the Harz, and an AspidMhys has been cited by Von 
Koenen. A Cienacanthus, seemingly undistinguishable from the C. 
bohcmicus of Barrande’s Etage G, has also been obtained from the Lower 
Devonian “ Nereitenschichten ” of Thuringia. A new heterostracan form 
(Drepanaspis) has lately been described by Dr. Traquair from the German 
Lower Devonian rocks.^ An example of the Dipnoi {Paladaphus 
damiensis) and an ichthyodorulite (Byssacanthus Gosselfti) have been 
obtained from the Belgian and north of France area. The Psammites 
de Condroz, an important member of the Upper Devonian series of 
Belgium, have yielded some of the actual species of fishes found in 
the Upper Old Red Sandstone of Scotland (Holoptychm iwbilissifnt^ 
H, gigarUeuSj //. Flemingii, and Glypt^omus Kinnairdi), besides other 
species of the genera HolopiychiuSt Dendrodus^ Lamnodus^ CVtcodttf, 
Phyllolepis, and a new genus Peniagomlejns.^ It is interesting to note 
that these fishes are found in association with abundant traces of a land 
vegetation {Archmopieris^ Sphenopteris). 

The upper Fammenian psammites of Modave, in the Condroz district 
of Belgium, besides likewise ftirnishing fishes {lloloptychius^ PtmeJUhys^ 
Glyptopomus, T)ipU)'us, &c.), have been found to contain the remains 
of an amphibian.^ The late Professor Marsh recorded what he 
believed to be amphibian footprints from near the top of the Chemung 
formation of Warren County, Pennsylvania. The best preserved are 
nearly 4 inches long and wide. He named the animal Thinopus 
antiquus. The same strata in which the prints lie show also ripple-marks, 
sun-cracks, and rain-prints, together with marine mollusks (Nuculana).* 
There have likewise been detected traces of insect life, but as these are 
chiefly met with in the Old Red Sandstone they will be referred to 
on p. 1003. 

In the Devonian formations of North America the fish-fauna has 
been well preserved, the Corniferous Limestone being especially 
remarkable for its bone-beds, made up of the remains of vast numbers of 
placoderms. That limestone, a thoroughly marine deposit consisting 
largely of corals, must have b^n accumulate in comparatively deep and 
BtiU waters. Many of the teeth of Onydiodus contained in it have been 

' CM. Mag. 1900, p. 153. 

* Lohest, Ann. Soc. G4oL Beig. xv. Mvmoires (1888). 

* Lobwt, op. eit. XT. Balletio (1888). 

* Amer. Jonm. Sei. U. (1896), p. 874. 



988 


BTRATWnAPHICAL GEOLOaY book ti 9Axa n 


found to bo broken and worn, probably indicating that these fishes were 
preyed on by more powerful contemporaries, whose violence or digestive 
energy triturated the harder parte which they swallowed. Among 
the fishes of this limestone are ostracoderms of the Acantholepis 

and AcatUhiispis, also Arthrodira belonging to the genera Dinichihys and 
Coc,miaL\ elasmobranchs of the genus Machsffi'OcaiUhuSj a ganoid of the 
germs Onychodus, together with MacropetalMhys and AsterosteuSy and 
some forms alliecl to the chimseroids (Rhyuchodus). From the Hamilton 
group there have also been obtained HHPTCLCdnthuSj Ctf^nacdfithuSy Cdllo- 
^/fuiihusy and Aspidicktkys} In the very highest part of the Devonian 
series of Ohio (Black ciiveland Shale) a remarkably abundant assemblage 
of now and strange types of fossil fishes has been met with, including 
the huge Arthrodira JJinickihySy TitankhthySy and GargonichthySy together 
with the European genus Coccosteiis. This fauna is especially distinguished 
by a number of sharks [Clddoselackey at least ten species).” 

2. Local Development. 

Britain.’ Tho name “ Devonian" was first applied by Sedgwick and Murchison to 
the rocks of North and South Devon and Coniwall, whence a suite of fossils was obtained 
which Lonsdahi pronounced to 1 h 5 intermediate in character between Silurian and Car* 
iKinifcrouH. The downward passtige of these strata into Silurian rocks has not been 
satisfactorily traced by clear fossil evidence, though Lower Silurian organisms have 
boon detected in sotno ^mrts of the region. On the other hand, the Devonian rocks 
clearly graduate upward into Ij<»wer Carboniferous strata. Considerable difference exists 
between their development in the north and south of Devonshire. In the former area 
they consist of satuly and muddy materials in the form of sandstones, grits, and slates. 
In South Devonshire, on the other hand, they include thick inasses of limestone and 
abundant volcanic intercalations in the form of tuffs (schalstein) and lavas (diabase, Ac.). 
With those hthologituil contrasts there is a corresponding difference in the abundance 
and variety of organic remains, tho calcareous rocks of Plynjouth and Torquay being the 
chief ro|)ositories of fossils. Yet even at the best the Devonian rocks of this classical 

‘ Newfierry, Mimwjrtifth, U.S. (}. S. No. xvi. 1889: ‘ Talieontology of Ohio,’ vol. ii. 

K. W. maypole. (Ml/. Mmh 1893, p. 443. 

3 Sftfgwick ami Mundusoii, Tetin». (Mi/. Sttc. 2nd ser. v. p. 633. Sedgwick, Q. J. Q. S. 
viii. p. 1. Lonsdale, Proc. /Mi/...Sw. iii. p. 281. R. A. Godwin- Austen, Trans. Oeol. fioc. 
(2) vi. p. 433. J. W, Salter, Q. J. G. S. xix. p. 474. T. M. Hall, op. cit. xxiii. p. 371. 
Etheridge, op. cit. xxiii. (1867), p. 568, where a copious bibliography up to that date will be 
found ; also op. cit. xxxvii. Addresa, p. 178. A. Champemowne, and W. A. E. Ussher, o/j. eit. 
1879, p. 632. A. C’hauipernowne, op. cit. 1889, p. 369. W. A. E. Ussher, Geol. Mag. 
1881, p. 441 ; Q. J. O. N. 1890, p. 487 ; Trans. Roy. Cornwall (7ro/. .Stir. xii. 1891 ; Proe. 
Somerset. ArcJi. Sat UN. Soc. xlvi. (1900). E, Kayser, AViw. Jahrb. 1889, i. p, 189. 
H. Hicks on the Morte Slates, Q. J. O. S. Ui. (1896), p. 264 ; liii. (1897), p. 438 ; J. W. 
Gregory, GetJ. Mag. 1897, p. .69. A nnunl Reports oj Gtologieal Surrey for 1892 and subsequent 
years. The Devonian rwks of Cornwall and Devon have undergone much crumpling 
and dislocation, and have suffered considerable metamorpbism. Their fossils are often singu* 
larly distorted, and mica has lieen almost everywhere abundantly developed in their argillaceous 
and calcareous portions. Much of the so-called “slate" or “killas " of these districts is a 
lustrous phyllite. On distortion of the fossils, see D. Sharpe, 9- ih. The 

remarkable cataclastic and other superinduced structures have been well described by J. B. 
Hill, Trans. Roy. Cornwall Oeol. StK. xii. 1901. 
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regjwi, tbougb they served m the type formetioiis of the saiuc geological age elsewhere, 
are much less clearly and fully developed than those of the Rhine country and otlicr 
parts of the continent It is rather from the sections and fossil collections of Cential 
Europe thau from those of England that the stratigraphy and paheontohvfy of the 
Devonian system are to be determined. 

This system has long been grou|>ed into three divisions, each more or less distinctly 
marked off by its palaeotitological ( haracterH. In Devonshire and West Somerset these 
divisions are arranged as follows 


Norttwra Type. 

Piltou group. Slates and grits with 
calcareous sesms( .iifpiri/Vr rmieto/i, 
Athyris cmeenCrtca, ProductHs 
prmiongtia^ kc. 

Bi^y grou p. Sandstones with C'ur <//• 
ItKi, slates with Lingvlu^ JMactfut. 

Pick well- Down group. R^, green, 
grey, and purple slates and grits, 
generally utifossilifA-ous. 

Morte slates, uiifossiliferous, passing 
down into the sldtes below.‘ 


Ilfracombe htates ; grey silverv slates 
with lenticular impure fossiliferous 
hmcvstone, resting on grits and slates 
of Combe Martin {i'yathnphylluni 
Q ntttjjUoaum, Ac. ). 
c '| 

S I 


t Hangman grits and slates {Saticu, 
^ I Myahm). 

« j Lyntoa group, grits and calcareous 
c I slates {Spirifer /ipstericiu-, ChoneUa 

j aarcinufuttca, Ac.) 

V Foreland grits and slates. 


Htiutherii Type. 

Slates near A.shburton with iipir\ffr 
Vminiili, Ac. 

Slates of Livaton with (Vywir/iifi. 

lieti and green .slates with Postdono- 
mj/a iruuxta and abundant 
KtUinma afn-niostriiita ( -- Cyp- 
ridinen-Kchiefer). 

Red and grey slates with volcanic lulls. 

t'hndleigh limestone with (ionuititfs 
[(Sfjihi/KHfrua) iHtunifKCftiH, (J. 
tus, Ci.amidijr, ( artliola retntstnaUi, 
RhynrhuneUn ( IV»/.«finio) nth(tuiea^ 
{Hyp*>thyna) HcHvnmtu^ Atryptt 
rduidun\ Spir^ffr hifidut, Pro- 
duct ua auhaculmtua, Ac. 

Toiquay and Plymouth limestones 
pa.s.sing lateially into slates and 
tolcauic rocks {Stmtyocrphalua 
Jiurtnii, Vnnita yryphua, Parmtea 
ffdlynufrpha, Ac.). 

SlateS'And limestones of Hoiie’s Nose 
(AtryjMt rdicufurta, Kayaeriti Uum, 
Sptr{f'er a/)critiaua, S. curvatus, 
HhynchmtIUx ( H’i/Aoniu) odundet^, 
Ac. ~ Calceola beds). 

Slates and greywackes (Cockington, 
Warberry, Meadfoot) with Plenro- 
dictyum prMeniatiaim, Jimnalo- 
noiiu, >Sptn/cr evUnjugatua, X 
hyaUricua, Pterinea evatata, Ac. 


Low er. — The clay-slate of Looe, Cornwall, has yielded a Hjiccies of PUraspia, also 
Pleurodictyum problenuiticuin. The lower gritty slates and limestone liands of North 
Devon contain, among other fossils, FavosiUs (Pachypora) cerricor'nis, Cyalhophyllwi 
hflianthoidea, Petraiu celtica, Pleurodirtyuvi problemiUirum, (’yatfwcrinua {two sjK'cies), 
EotmloJiotua (two species), Phacops laeuxiaiva, FentaUlla tintiyua, Atrypa reticulxiria, 
Orthia 'arcitcUa, Spirifer cannli/crua, S. Ixvicostua, Plcrnua apinosa, Ac. The researches 
of Mr. Dsaher and Profe.s8or Kayser have brought the Lower Devonian rwks of South 
Devon into closer jialaeontological relations with their equivalents on the cuntiuent. 
Among the s|)ecies notwl by these observers are PleurvdicXyxtm problevxaticuxu, Spirifer 
hyaUricua, S, paradoxus {inacropUrus), S. cullrtjuyaiua, Lcplasna {Slrophomxna) 
rhomboidalia, RhynchontUa duleidenaia, Chonetrs aarcinulaUi, C. aerniradiata, Jitrirua 
eoatata, Homalonolua gigaa,~-an assi-mblage which HTsemhles that in the Coblcnzian 
stage of Rhineland. 

^ Dr. Hicks claimed these slates as Silurian on the ktrength of some rather doubtful fossils, 
the more probably Devonian age of which was sustained at the time by Professor Gregory. 
It is possible, however, that the Horte Slates do not belong to the part of the system to 
which they have generally been assigned, and that the apparent order of luccessiou in regard 
to them is deceptive. See the papers cited in the footnote on the previous psge. 
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Middle.~It is in this division that limsstonea are best developed and foasils 
are most abundant. Some of the limestones of South Devon are made up of corals, and 
from their lenticular or sporadic occurrence suggest that they iVere accumulated as reefs. 
Large masses of limestone rapidly die out laterally and are replaced by slates. In the 
Ashpriiigton district a thick group of volcanic rocks consisting of breccias and toils 
(schalstein) and diabasic lavas appears entirely to take the place of the limestones. 
These volcanic ejections are traceable for many miles, sometimes dwindling down and 
giving place to limestones or slates, and again swelling out into considerable masses.^ 
They appear to have been discharged from numerous small vents across the area of south 
Devonshire, but no trace of any similar material has yet been detected in the northern 
part of the county. 

The palaeontological evidence makes it abundantly clear that the limestones of 
Torquay and Plymouth represent the great Middle Devonian limestones of France, 
Belgium, and Germany— the Calcaire^de Oivet, and the Stringooephaleu • Kalk and 
Calceola-Kalk of the Eifel. Near Torquay shaly limestones occur containing fossils 
that place them on tlie horizon of the Eifeliau group or the Calceolabeds of the continent^ 
that is, the lower division of the Middle Devonian rocks. Among these fossils are 
Atrypa retieularist A. cujxra, A, deaquamatay Kayscria lenay StropheodorUa {Leptana) 
interstrialUy Pentanurua gaUatuay JRkynchonella ciihoideSy Spirifer mrvatuay S. apecioaua, 
Orthothetea {Slreptorhynchua) umbraculum, Productua aubaculeatua, Phacopa latifrona, 
Cyathophyllmn heterophylluniy C. damnonUnaty C. heliaidhoideay Cyatiphyllum veai- 
culoauviy Caleeola aandalhuiy FavoaiUa Ooldfuaaiy HelioliUa poroaa, Stromatopora 
eoncentrica. The njassive limeatoues yield the characteristic fauna of the Givet or 
Stringocephalus limestone including the corals Cyathophyllum helianthoidea, C. 
damnonienae, Cyatiphyllum veaieuloaumy AlveoliUay Favoaitea polymorpha, StricUopora 
danticulata, Amphipont ramosUy HeliolUea poroaa, Favoaitea Ooldfuan, Stromaioporay 
Receptaculitea Neptuni, Stringocephalua Burtini, Uncitea gryphua, Magellania j^Ttre^ 
hratula) IVhidbomei, M. juvenia, Cyrtina heterodita, Spirifer undiferua, Bhynchonella 
parallelopipeda, R. {IFilaonia) cuhoidea, R, {Pagnajc) pugnua, Camarophoria lumma^ 
tonenaia, Pentamerua breviroatria, Stropheodonta irUeratrialia, Productua aubaculecUua, 
CyprieardiniOy Proitua, BrorUeua, Ac.* 

Upper.— In South Devon Upper Devonian rocks are now known to be well 
developed and to present palaeontological representatives of the several zones which have 
been established in this division uu the continent Three such zones have been recognised. 
1st Massive limestones which pass down continuously into those of Middle Devonian 
age. They contain Rhynehonella ( Wilaania) cuboidea, R, {Hypotkyria) acuminata, Atrypa 
reticularia, Athyria coneentrica, Spir\fer bifidua, S. lineatua, Productua aubaculeatua, 
Magellauia ( Waldheimia) Whidbomei^ Meriata plebata, Conocardium, ffarpea, Strotna- 
topora Hapachii, ActinoUroma dathratum (?) Ac. 2nd, Qoniatite beds which, overlying 
and passing down into the limestones, are marked by the presence of numerous gonia- 
titea {Gaphyrooaraa intumeacetia, Q. comptanatum, Belouraa aagittarium, Tomoeercu 
aeutum, T. simplex), with Cardiola retrodriata, Afyalina sp., Sanguinolaria, Bactritea, 
Avaditea. 8rd. Cypridlna slates, conUining pstracods {Entmia aerratoatriata) and 
Glymenias ((7. laavif^ and other species). These throe zones may be paralleled 
respectively with the Frasnien and Fammeoien group of the Franco-Belgian area and 
with the Goniatite (Adorf, Iberg) limettone, Cypridina slates and Clymeuia limestone 
of the Eifel and Rhine. 

In North Devon this palnontologioal grouping has not been so satisfactorily made out ; 
but in that region there ia an insensible gradation upwards through various sandy and 

^ Ohampemowne on tbs Ashprlogton Voloanic Series, Q. J. Q.. S, 1889, p. 869. 

* Usdksr, /. 0. S. 1890, p. 661. EL Kayser, Jfeuaa Jahrh. i. (1889), p. 186. Rev. 
Q. F. Whidbome, * A Monograph of the Devonian Fauna of the South of Inland,' Monog, 
PaUaonL Soe, 
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inuididyMdiaMiitt into the Calm ortSirboniforouityttem. Tbomicoceout ftaggy londttonNi 
of Boggy Point contain Cucuttaa milateralii (trapezium, jETardinjifii), JHpeht^teria 
damnonieneu, Linguia equamifortkit, Discina, JUkyndumeUa hUieotta, Strppkalona 
productoides, Spir^er diejunetue, te. The greenish slates and calcareous bands of 
I^ton near Barnstaple have yielded some characteristic fossils of the uppermost {uirt of 
the Devonian system, such as Petraia eeitica, CfgeUKocrinue pinnatua, Spir\fer Femmili, 
Athyrxa conuidrica, OrihotheUa (Sirtptorhyn^ua\ creuwf^m, Produdm prmloitgus, 
Sir<iphal(ma prodvxtoides, Phyndwndla (CamaroUzchia) Partridgiu, and OiOixHu 
hanlrtnaU, Remains of land-plants are found in the Upper Devonian rocks of North 
Devon (Bathradeadron (Cycloetigmi) kiltorkenee, Jrchmopterie {Paleeopteris) hibemioa). 
The higher red and yellow sandy portions of these rocks shade up insensibly at 
Barnstaple in North Devon into strata which by their fossils are placed at the baM of 
the Car^niferous Limestone series. But in no other British locality save in Devon- 
shire can such a passage be observed. In all other places, the Carboniferous ayatem, 
where its true base can be seen, passes down iuto the red sandy and marly strata of 
the U pper Old Red Sandstone. 

The Devonian sedimentary rooks of Devon and Cornwall have been invaded by large 
bodies of granite and smaller masses of various “greenstones" (amphibolites, epi- 
dioritea, kc.), which have induced a good deal of contact-metamorphism. The intrusion 
of the granites took place after Lower Carlioniferous time, since the Culm -measures 
are altered by them (pp. 728, 778). Mr. Hill has also shown that these eruptive masses 
are traversed by a system of joint-planes, and even a rude foliation, indicating that the 
powerful terrestrial movements that had so greatly crushed and disrupted the sedimentary 
formations had not wholly censed when the granite appeared. The basic eruptive 
masses, on the other hand, appear to have been intruded after these movements bad 
come to an end.^ 

Central Europe.— A large tract of Devonian rocks extends across the heart of Europe 
from the north of France through the Ardcimcs, the south of Belgium, Rhenish 
Prussis, Westphalia, and Nassau. But that tlie same rocks have a much aider spread 
under younger formations which cover them is shown by their reap{»earance far to the 
west in Brittany, ** and to the east in the Harz and the Thuringer Wald. They present 
a much clearer sequence of strata than their British equivalents, for they can l)e seen 
in many places to pass down into Silurian strata as well as to graduate upward into the 
Carboniferous system. In tiie Belgian and Eifelian tracts they have been subdivided as 
under 

B«t(iuin Mid Um Hgrth «f Vrui«« ) RhlnnUud.* 

'’Famennien, conaiatio^ of two (keiea, one Younger sroup of Cypridina ahalei, with ^it- 
sandy, the other ahaly. txmu (Cjvriiiitia) etrrattxiirkUa, Po$tdonia 

(b) Psainmites du Coodroz (Condrusien), in vrnv«to, F/uuopi cryptop/iHwimin, and )im<> 

which six zones are duUnguished (CucHt- stones (Kramenz^lkallO witli luiniemus Cly 

Ian Hardinfii, Spirifir t'eraeet/i, /lAyn- menias (C. ImvtfftUu, C, urxivlaiti, C. »triaia 

cAontUa Dumonti, OrthiterenUtria, Torm- &c.), and Uoniatitee. Zone of J'aradootTO, 

ctrat i’kacops tot^roiw, ikptenu, K<ra<wiii 

I A$ttroUpU, UoloptyaiiuM nobxlusimui, H. 

^ Trane. Hog. Oed. Soc. OomuxUl, xiL Part vii. 1901. 

* A ridge of Devonian rocks stretches eastward under the Secondary formations of th 
south of England (where its existence has been proved by well-borings at London), am 
no doubt joins the Devonian area of the Boulonnais. 

* See especially Qosselet’s * Esquisse Q^ologiqne,' end bis great memoir on the Ardenne 
already cited ; aleo C. Barroia, Ann. Soc. Oeol. Nord. xxviL (1808), p. 231. 

^ ^ H. von Dechen, ‘cieol. Palsnont Uberaicht d. Bheinprovinx,' 1884. F. Rdme 
*Daa Rheiniache Schiefergebirge,' 1844. E. Kayier, Z. D. 0. 0. vols. zxii. (1870) to zl 
(1889) Abhand, Otol. SpeciadkarU Preuteen, Band 11. Heft 4, 1878 ; op. cit. Neue Fol 
No. 1, Jakrb. Preute. Oeol. I/andeeanet. 1881, end lubaequent volumes. F. von Sandbeigc 
‘Ueber die Entwickelnng der unteren Abtheilung dee Devonischen Syatema in Naaaat 
Wiesbaden, 1889 ; and {Mqpera by Kocb, Freeh, HoUapfel, and others. 
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Bfiflain Mid Um Koith wf VruMt. 
fflffonteus, ArchmopUrU hibemka, SpArn- 
opterin JtateUiu, kc.). 

(a) HchbitM (l« Famenue, dlvlaiblfl Into four 
zoitM (1) that of Spirifir ditlani, (2) of 
BhvMhonella UtUmU, (8) of Rkftu^OMUa 
DumoiUi, (4) of Rhynchondla Omaliutl. 

K r a • n 1 • n, varylBK in compoaltlon and organic 
contonta In dlffarent parts of th« Devonian 
haMiiiN. In the Dinaiit basin it consists of 

(h) Uchistes de Matagii^ (Atrypa rslfcutow, 
Spirlfir VerntuUi, KhynehantUa euboUltr, 
IJardiuiu fiulmatwM, Cumaropkoria tumUla, 
KntomUi {Cyprldlna] aemUo-UriaUit Bac- 
IriteM mhconkuu, lomoeenu sita|)iex. T. 
uiuiidatuin, Oephyrtuxrtu iCMiatOei] in* 
(ttmrsoriis). 

(a) Calcaires et scbistes de Frasne, shalex 
and lenticular limestones, soinetinies of 
great thickness, with abundant fossils 
(Bronteiu flaMlifer, GtphyroceraK [GonUi- 
tUet] intttvuMceju, SplHJer FcmcMiZi, Sp. 
paehyrhpnehwi, Sp. orMUtnut, Athjfru 
amcetUrlea, Atrypa reUcularit, Wtyn- 
chtmella euboliUs, J‘fntanienu brtvirontrin, 
Canuirmihoria Jnrmoau, RtctplaeuliUn 
, Nfptunl). 

/Q 1 V e 1 1 e n.- -The great limestone of the middle 
Devonian series, well seen at Olvet, above 
Dlnaiit on the Meuse, 400 metres thick. 
Among the abundant charactenstiu fossils 
are Spili/^r vtaiioUxtun, Sp. Mnd^^^tt*, String- 
ocfplialiu iJurtini, UnriUg gryjihut, Afraalodon 
cueuttatut, Afurchuonia eoronata, M. bilineatn, 
Oyathophylliim tmuirlgrminum, IlelioiiteH 
poroM, AgoniatitTM, AnnrvtiitfK. 

In the basin of Namur the conglomerate of 
Palry-Bony lies below the lliiiestonc, and con- 
tains a band of Hamlstone with plants {Upitio- 
(t^dron goMpuinum). 

EifAllen.-flhalcsfHchistesde Oouvln), with 
Coimifa soHdofiiui, Phiuopg laii/ntHt, Urontru* 
AabeUifir, Spirijrr eurinUiw, Sp. mbrugpidalus, 
Sp. degana, AthfrU ronerntrira, Pentamerua 
gaiaatua, StrophaloaUi pioductoUka, kc. 


/Ooblenxien, composed of greywacke, sand- 
stones, shales, and conglouierate, having a 
united thickness of sometimes 7000 or 8000 
feet, and divisible into live sub-groups as 
uiuier 

ft. (Jreywacke of llleiges with 
(6) Zone of Sptrijirr cultr^jugatua, fWceo/u 
aandalimi. 

(ri) Zone of Spirifitr ardueniirnaia, Pterinnt 
linrata. 

4. Red slates of VIreux and conglomerate of 
Runiot. 

a Black aamlstone of VIreux (Ahrien). 

3. Greywacke of Moutigny with Spiri^r 
mnuhirin', .4<Avrw undata. lAfitatnn 
Thomhalilaha {StroithoMfna drprravi) 
(Ilnndsrucklen). 

1. aaiidstone of Anor (TaunusienX 
Godin II ion, comprising an upper group of 
aluiles and sandstones and a lower group of 
foHsiliferous shales, quartfojpliy Hades, nuartx- 
ites, and conglomerates. The fossils in the 
lower group comprise Ai/nsmflrs, Homtuo- 
natua Rtmiuri, J^mUia Jortwii, Tentacultt^ 


aofss nomacn, 

gntadt-t, T’. ♦rrpgsiaris, Spiiiftr Mrreun, <Mhis 
KfrscsUi,' I'terinm vwila, Ac. The base of 
the Devonian systeui lies unconfonnably on 
Gambon rocks.! 


Brachiopod limestone directly overlying the 
Middle Devonian limestone, and containing 
HkytukontUa euboldta, R. pugniw, B. acum- 
inata, Spirijrr Vtimeuili, CamarojAunia for- 
moaa, Prtiductua raftociUMiiM, Gepftyroorrxw 
Uhniatitea) intumeaema. Ibeiv limestone of 
Harz, Adorf limestone of Waldeck, shales of 
Bildesheim in the Bifel, with Grphyroocraa 
(floniatiUa) intumeaema, Rhynehonella euboidaa, 
and Cardiola retroatriata. The prevalence of 
this Rhynehonella baa led to the ^up being 
called the “ Cuboldee beds," and the Gouiattte 
has given the name of “ liitumescens beds ” 
or “ Gephyrocents zone." 


(ft) Btringocephalus group, consisting of the 
great Bifel limestone witn underlying crinoidal 
btxlH(Stringt)cep/nUua Jinrtini, Uncitea grypittm, 
Spinjer undlutu.i, }*roduetu$ aubanUeatua, Penta- 
mrrua ffeUeatiia, Atrypartiicularia, MaerocheUua 
arculatia, Pleurtdtmiaria drlphinuloidea, M%r- 
eh isunio bUineatu, iiegalodon meuUatwn, and 
many coralsaiid crinoids). Zones of Afmscmu 
Dechtni and Anamatea Dmhmanni. 

(n) Calceola group. —Marly limestones with 
Athyria conemtrica, Camarophoria miero- 
rhyncha, Atryfxi retieularia, Meriata ptebeia, 
Spirijier fptewaua, S. curvotiw, Pmtamerua 
galmtiia, lUtynehonelfti wtrallelopipeiia, Orthia 
atriutula, Calceolit miniUUxna, Cyathvphytlum 
heliantoiUea, Cyatiphyllum rmruhaum, Jielio- 
htfH poroaa, Alr^itea, favoaitea, Strvmato- 
iHiro, Phact^ SrJilothrivu, Ac., resting upon 
Impure shaly ferruginous limestone and grey- 
wai'kc, marked by an abundance of SjArytf 
cultrijugatw, Khynchunella nrbignyana, Atrypa 
ret%cvlnria, Phacepa latilrona, kc. Zones of 
Agonlutitea oeeultua and Anarreatea aubnauti- 
linua. 

Coblenz group (Spirifer sandstone) divisible into 
tlie three following sub-groups 
(c) Upper greywacke and slate (Coblenz, 
Eiiih, Daleiden) with Ctemarlnua deea- 
daetylua, Sjnrifrr aurieulntua, S. curvatua, 
S. pnnnhvrtw, Atrypa reticuiaria, Chonetea 
itlUUaia, Homdonotua laevicamia, Cry- 
phmua laeinuttua. 

(ft) Coblenz quartzite probably on tbe 
horizon of the Burnot conglomerate in 
the Bifel. 

(a) Greywacke with Strophomma latiooata, 
th'thia cimUnria, Spirijrr lUinanaia, Homa- 
lonotua omatua, li. craaaieauda, Phacopa 
iatifrma. 

Slates (liimdsrUck, Tuunus) with numerous 
trilobites {Homnlimatua ttlanua, Ifaiinanitea 
rhenanua, Phacopa Frrdinandi, Crypkanu, 
Orthoerraa, ItoniaxUra, Ac.). 

Taunus quartzite, Biegen granwacke (Spirijrr 
primaerua,.s\hyatrriewAttnaarlmria,Tmtacuiite$ 
grnndta, /Jomaionotua Soemrri, Ac.). 

Bandstones, slates, phyllitea, arkoses, ending 
downwsnls in conglomerates. 

The liower Devonian aeries contains the zone 
of AgoniatUea Jldrlia and Anarcratra prteuraor, 
and that of Tomoetraa inurpectatum. 


! For an aocouut of Ui« Lower DevonUn fatina of this region see Qoaselet, ilnn. Soe. GM. 
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III th« Harz, accordiog to the researches of lU>m«r,^ Losseu,'^ Kayser, Koch, aud 
others,* the Devonian system, largely develo|HHl, consists of (1) a lower group of 
quartzites, greywackes, tliuty slates, clay slates, and associated hands of diaV«se (classed 
as *• Hercynian ”), lying above the graptolitic Wieda shales and Tanne greywacke 
(p. 976) ; (2) a middle group couqKised of (u) Calceola-beds {Spirifer mUrijuihitus, 
CcUuola wudtilUui) and {h) Stringocephalus limestone, consisting of a lower ciinoidal 
band and a uuissive liinesitone ; ami (3) an up|»er group consisting of («) Cuboides- 
beds, limestones and maria, (/>) (joniatite shales, \r) Oypiidina shales. The eastern part 
of the region consists mainly of greywackes and slates which, with their HS80ciate«l igneous 
rocks, atUin a great tlackness in the Wietla slates. These slates are }>artly Upper 
Silurian, since they contain a number of simple graptolite.s, while the InmMoncs undei ' 
neath yield abundant trilobites (lial luanUc^, Cnjphtfu^, rhuo>p», i:n<ntfus, JatitiMpis). 

Representatives of the Devonian system rcapj*oar with local pctrograpbical inmiitica- 
tioin, but with a remarkable persistence of general jmlaontological charactejs, in 
Eastern Tliuringia, Eranconia, Saxony, SiKsia, the noith of Moiavia, and East (Salln ia. 
In Thuringia, where the slratigraphical succession can be tiaccd from t'anihrian rocks 
through Lower and Upper Silurian, the Devoiii.m system lies uuconloimably on these 
older fornialions, and is leprescnteil by (1) a L<»wei seiics of calcareous shahs with 
Tnitiu ulitrs, interstratihtMl with bauds of qiiart/ite \Xtrntfs) at the top, ami Icnliiular 
liinestones with COuiacati/hus at the liottom, and ita lading intcrstratitied diabase lavas 
towards the east; (2) a Muhllc series ot dark shales, greywackes, and rare limestones, 
but with diabase tull.s and lavas towariis the east ( . /vOcu/um, coinls) , i3) an 
Upper series of nodular limehtooeswitli (loni.itUos ititnnu 'nnis, (J. r<(n)i>amt 

Bel>Krr(i» s<i*jU(tJiunm), vaiious Clymeiiias; gieeii ami red sliales with I’tfsulonuhiyo iv >uostt( 
ami JCtUoinif, serralu-sti'KiUt. In tlie eastern )Mrl ot the countiy this upis'r subdivision likc- 
wiv* imludes numerous inlerstiatitied diubasedavas with lutfs ami volcanic breccias.'* 

In Hoheniia, as already suited, the greater pait of Itaiiande’s Stage F and 
the wliole of (I ami H, which he classed in hia third launa or as Up|H;i Silurian, aic now 
placed in the Devonian system.''’ The following talile gi\es the (lerman cquivah-nts of 
his subdivisions - 

.SU,:f H . , l i.iK r oI tin- TiM Mhhs.-i) Kalk of Hesn.- NRs-ain. 

(iis>-tiaii / l^ioMT StriiiK'i< eolMlon tiedh of til*; Klfel. Dileihluiiiw r ■ J.inu ‘.t.oiie ol 
H.w Nassau 

J Kifeliitii, Cali e<ila (jrouji of the KifH toiiitousU i-LhuchIoih* of Hessc 
* I Cot)leii7iHli, '"j-iitpr ol lie, Eifel. Ballersbach I.lliieHtolie of He-ae 

/ N.is>tau. (ir**if»*tihteln Ljinesloiio 
K dwrt) Lower Devoinaii. 

Farther east, in tlic district of Rus.sian Pobaml, which lies Ix'twein .Sandoinii and 
Kiclce to the west of the Vistula, a laige development of Devonian nnks is to lx* seen, 
including representatives of all the thiee diMsioiis. Tlie efjuivalenU of the Ludlow 
locks already noticed (p. 976; are followed hy hard quartzose sandstones with numerous 
fossils {Spirifer auricululus, S. inurroptern$, S. cannnlus, S. snltruirpUlatU’S, S. luTwosta, 
ChotieUs sarrinuiaia , Orthis orbicularuif Tenfaeulihn, (Jrifpkti’us, &c.), and by asamlKtone 
which contains fragmentary fish remains {PHaminnateuif, CfKCOiftnui, &c.). The Middle 
division is more fully represented and has yielded a large assemblage of organic remains. 
In its lower half, consisting of sandstones, shales, mails, limestones, and dolomites, there 

yoni. xiii. (1886), p, *292. The spirifers of the Belgian Coblenziaii rocks have l»ecn dewnbed 
by F. Bwlard, Bull. Soc. fielg. 0(fJ. ix. (189f»), p. l'J9. 

^ ‘ Versteiiienutgen des Harzgebirges,’ 1843 ; * Uheinlv-h. Ueliergaiigngcblrge, 1844. 

Geologisch. Uebemichtskarte Harz,’ 1881. 

* See Abluiiid. Breuss. Landesanst. li. 4 ; iv. 2 , viii. 4 ; ix. 2 ; Ncuc I'olge, Nos. 
1, 16, 17. 

^ Barrois, .1»m. Sttc. OM. Surd. xx. (1892), p. 67. 

* See Professor Kayser’s pajM-rs on this subject cited p. 974. 
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occur Catceola saiuialina, Ah'ypa reticularitt ChoneiM adrcinulata^ String(KefhaiwB%rtini, 
Perttamems galratua, BroTUeiis, Phaeops latifronSf ProUtus, Ac., while in its upper lialf, 
which includes fetid and oilier limeatoiies and shales, there are found numerous corals 
and other fossils (.V^ronui^opora, Ampkipora ramoaa, HtlioliUa poroaa, Atrypa reticti- 
laris, A. axpera, Sfrimjoeepfutlus Burtini, Addaspis, Ac.). These strata graduate upward 
into the Upper division, which consists largely of sheets of limestone, and shales or 
marl. Tlie lowest limestone has yielded upwards of 60 species, among which are Orihu 
striatiila, Martinia in/lata and Rhpnehoiulla cuboides, with sjiecies of Brontetu, Acidaspis 
and Cyphasjns. A higher limestone contains a number of cephalopoda, Orthoceras, 
AtanJtieoceras, dephyroceras caleuli/orme, Tornoceras (three species) with TentaculiUs 
ttnuwuii'tm, (Jardiola rdrostriaUt. Still higher up are found ErUomis, three species, 
PhacofM, Trimrrocephalus typhlopa {Phaeops cryptophthahrnvs), Cyrtoclynienia, GmiatiUts. 
The up[)ermo3t strata arc specially characterised by their Clymenias {Cyrtoclyinenia, 
Ptatyclynuiiia) and species of Enlomis, and are no doubt the equivalent of the Ctfpridina- 
shales and ^Vym<lt^ia-limeatones of Germany.* 

Among the crumpled fonnations of the Styrian Alps, the evidence of organic ' 
remains lias levealed the presence of Up]ier Devonian rocks with abundant Clymenias, 
Middle Devonian limestones with the characteristic Etringoc^ptialus and numerous 
corals, and Lower limestones and slates with cephalopoda and brachio{iods.^ Perhaps 
in other trai ts of the- Alps, as well as in the Carpathian range, similar shales, lime- 
stones, and dolomit<‘s, though as yet unfossiUferous, but containing ores of silver, lead, 
mercury, zinc, cobalt, and other metals, may be referable to the Devonian system. 

In France and Belgium the Devonian system has long been recognised (table, p. 991). 
Its midiilc and upjsir memlMuw (Givetiati, Krasnian, Famennian) are well exjiosed in 
the Houlonnais. In Normandy and M a i n e, sandstones (with Grlhia Atomiii'.ri), 
are followed by limestones (with Homalmiotus, ('n/pAai«, Pfatrops, Ac.), and by up[H?r 
greywackes and shale.i (with Plmrodiclyum probleimticum).^ In Brittany also, 
Devonian strata are found, including representatives of the. Famennian groujis with 
Cypridinas and Goniatites, shales and limcHtones with Kifelian ccphalupods, Pkuro- 
dictyum prohU.inalicum and Spirijer enltrijugatus, and a scries of greywackes, sjvndstoncs, 
ami shales with Chjnckn sarcinulata, Pluicops IcUifrmis, Ac.* In this region lies the 
limestone of Erbray (Liiiro Inferieure), so fully descrilnd by Barrois, who, from its 
abundant corals, numerous hrachio|)ods ami ga.steiojH)ds, and its trilobites of the genera 
Calymnic, Phitenps, DahnaniU s, Ikodns, Ilarpt's, Brontena, and Cheii'urus, places it in the 
Ot'diuninn group at the Kase of the Lower Devonian series, and comjiares it with the 
Horeynian limestone.s of the Hurz.^ In the remarkable oasis of ancient rocks which 
has been already referred to as forming a conspicuous feature among the younger 
formations of Languedoc, representatives of the three givut divisions of the Devonian 
system have been worked out by F. Freeh." Again, the central Silurian zone of 
the Pyrenees is flanked on the north and south by bands of Devonian rocks (with 
broatl- winged spirifem and other eharacteristic fossils), which have been greatly disturbed 

* (i. Gmicli, ‘ Das PaUcozoicum des Poliiischen Mittelgcbirges,’ IVrA livaa. Min. Ges. 
2udser. xxxu. (1896), pp. 1-5S9, with map and plates of fossils. This paper is a detailed 
monograph of the older Palieozoic rocks of Poland, more esjiecially of the Devonian 
fonnations, with pala‘Outological desetiptions of the fossils. 

^ G. Stoche, A. D. Q. O. 1884, p. 358. Freeh, op. cit, 1887, p. 660 (and authors there 
cited) ; 1891, p. 672 ; 1894, p. 446 ; 1896, p. 199, and his ‘Die Karniseben Alpen,’ 1894. 

" ©ehlert, fi, A G. F. xiii. (1884), p. 6 ; xvii. (1889), p. 742. BarroLs, op. cil. xiii p. 7 ; 
.•liui. Soc. OM. yard, xiii. (1886), p. 170. 

* IDrrois, ..Inn. Soc. GM. yard, iv. xvi. xxvii. 

• ‘ .iune «{u Calcaire d’Erhray,’ JM«. Boc. GM, yofd, iii. (1889); Ann, Snc. Oiol, 
Ford, xiii. (1886), p. 74. 

• Z. IK O. G xxxix. (1887), p. 402. 
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ind titered. In the Aeturits, tcoordlng to Btirois, t meet of elrtte about 8280 feet 
thick ocmttins represeiitetiTea ^of the three divieioiis of the DeTonian ernes, and hat 
yielded an abondant fauna, numbering upwarde of 180 s}ieeies, among which the corals 
and brachio}K)d8 are specially abundant.* In the Siianiah }teninsula numerous outcrupa 
of Devonian rocks have been noticed. 

Throughout Central Europe there occurs, in many parts of the Devonian an«aa, 
evideooe of ooutemi>oraneou8 volcanic action in the form of intercalatnl beds of diabase, 
diabaseduff, schalstein, Ac. These rocks arc conspicuous in the * ‘ greenstone *' tract of 
the Harz, in Nassau, Saxony, Westphalia, the Fichtelgebirge, and, as above ateted, in 
Thnnngia. Here and there the tiitf-bauds are crowded with organic reniaina. It is 
also deserving of remark that over considerable areas (Ardennes, Harz, Sudeten-Oebirge, 
Ac.) the Devonian sedimentary fumiationa have assumeii a more or less schistose character, 
and apjiear as ij[Uartzo-phyllades, quartzites, and other more or less crystalline rocks 
which were at one time sup|iosed to belong to the “ Aroha'an series, but in which 
recognisable Devonian fossils have becu found (pp. 709, 800). At numerous places, also, 
they have lieen invaded by masses of granite, <iuartz )H)rpliyry, or other eruptive rocks, 
round which they present the characteristic phenomena of contact inctamorphisn> (pp. 
778, 783). These changes may have UkI to the subsequent development of the abundant 
mineral veins (Devon, Cornwall, Westphalia, Harz, Jte.), whence large (|uantities of 
iron, tin, copfier, and other metals have lieen obtained. 

Ruaaia. — In the north east of Europe the Devonian and Old Red Handstonc typos 
appear to be united, the limestones and marine organisms of the one Wing inteistratified 
with the fish-ltaaring sandstones and shales of the other. In Russia, as was shown in 
the great work * Uuasia and the Ural MountainH,’ by Mureliison, Dc Verncuil, and 
Keyserling, rocks intermediate between the Up|ier Silurian and CarlKtuiferous Uimestoue 
formations cover an extent of surface larger than the British Islands.'^ This wide 
development arises, not from the thickness, hut from the undisturbed horizontal 
character of the strata. Like the RnH.siun Silurian de|H>sits, they remain to this day 
nearly as flat and unaltered as they were originally laid down. Judged by mere 
vertical depth, they jiresent hut a meagre representation of the massive Devonian 
greywacke and limestone of (lerniany, or of the Old Re*! Sandstone of Britain. 
Yet, vast as is the area over which they constitute the surface nnk, it proliahly 
forms only a small |>ortion of their total extent ; lor they rise up fiotn undei the 
newer forniations along the flank of the Ural chain. It would thus seem that they 
spread continuously across the whole breadth of Russia in Eniopc. 'riiough almost 
everywhere undisturbed, they afford evidence of terrestiial movement inimeiluitcl) 
previous to their depoeition, for they gradualfy overlap Ujqier and Lower Silurian locks. 

In the north-w’estern parts of the Empire three lithological groups are the prominent 
constituents of the Devonian series, the lower consisting chiefly of sandstones with sub- 
ordinate marls and clays ; the middle, of limestones and dolomites, and the U]>im.*i almost 
wholly of sandstones. As these sulKlivisions are traced into the centre of the country, 
this threefold arrangement ceases to be traceable, the strata Wing there almost wholly 
limestones and dolomites. The sandstones are distinguisbed by the numWra of fossil 
Ashes which they contain, but are jioor in shells, only yielding small examjdes of J.ivgala. 
The limestones, on the other hand, are crowded with an abundant and varied fauna. 
Those of the middle subili vision in the north-western region have been ranged in four 

* " Recherches aur lea Terrains auciens des Astnries," Ac., Mhn. ,Soc. GM. AV///, u. ; 
Ann, *Soc. OM. Xord, vL (1879), p. 270 ; xit. (1886), p. 124 ; xx. (1802), p. 61. J. Roussel. 
liuU, Cartt, OM, fruHce, No. 36 (1898). 

* Besides the great work of these three pioneers, the student will And much recent 
information regarding Russian geology in the Mfmcire* du Gomiit Gfgiogiqw of Uunsia. 
See for Devonian data T. Tschernychew, vols. i. hi. (a detailed memoir on the lower, 
middle, and upper divisions of the system in the Ural region). 
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horizoni. Of these the lowest, which reposes immediately on the sandstones, is marked 
by the occurrence of Jthyruhonella Meyendorjii, JR. liwnica, Spiri/er muralis, Stropho. 
menapi’odu/itoidet, Atrypa reticularis, Ortkis striatula, Aiiculopecten Jngriae, Belleropkon 
trilobatus, kc. The second platform contains a somewhat different fauna, distinguished 
by the association of Spiri/er muralis, S. Archiaci, and S. Imtieubnn. The organisms 
of the third horizon are more distinct and typical, some of the more important being 
Spiri/cr Vemeuili, Cyrtina heteroelita, Athyris ffelmermiii, Favosites polymorpha, 
CyathophylluM hMogonum, Orbiculoidea {Discina) niiida, Bhynchonella {Fuynax), 
pugnus ; numerous lamellibranchs, as Avicula Buchii, Pterinea triangularis, Myalim 
ueiUirostris, and also Murchisonia puailla, Bellerophon lincatus, Oomphaceras cycltqts, 
Phragmuceras inversum, kc. The fourth horizon is njarked by abundance of Spiri/er 
Anossoji. These four divisions are supposed to represent the iS^rmf/r/ccpAa/ns-limcstone 
and Cn/c^o/a-group of Central Euroj»e.* 

As was first signalised by Murchison and his associates, a special interest attaches to 
these liussiun strata, inasmuch as they display the union of the elsewhere more or less 
distinct Devonian and Old Red Sandstone types. While the calcareous bands contain 
organisms of known Devonian species, the sandstones afford remains of fishes, some 
of which are sjrecifically identical with those of the Old Ked Sandstone of Scotland. 
The distribution of those two |>Bhoontological facies in Russia w'as traced by Murchison 
to the lithological characters of the rocks, and consequent original diversities of idiysical 
conditions, rather than to differences of age. Indeed, cases occur where, in the same 
band of rock, Devonian shells and Old Red Sandstone fishes lie commingled. In the 
belt of the formation which extends southw’ards from Archangel and the White Sea, 
the strata consist of sands and marls, and contain only hsh teniains. Traced through 
the Baltic provinces, they are found to pass into re<l and green marls, clays, thin lime* 
•tones and sandstones, with beds of gypsum. The lower parts of the series contain 
Osteolepis, Pipterus, IHploitteras, and Asterokpis {lloinostnis), while in the higher beds 
Ifoloptychius, Bothriolepia, and other well-known fishes of the Upper Old Red Sandstone 
occur. Kollowed still farther to the south, as far as the watershed between Orel and 
Woronesch, the Devonian rocks lose their red colour an^l .sandy character, and become 
thin-bedded yellow limestones, and dolomites with soft green and blue marls. Traces 
of salt deposits are indicated by occasional .saline sjirings. It is evident that the geo- 
graphical conditions of this Russian area during the Devonian period must have 
resembled those of the Rhine ba.sin ami Central England during the Triassio period. 
There is an uiupiestionablo passage of the upjiermost Devonian rocks of Russia into the 
base of the Carboniferous system, but a complete break between them and the highest 
Silurian strata. The lowest parts of the British Old Red Sandstone, containing 
gotus, Ccphaldspis, Pleraspis, kc., are wanting. 

Alia. — From the Ural chain eastw'urds, the Devonian system stretches into the 
heart of Asia. Devonian fossils have been recognise<i in the region of the Altai, where 
the liinestono of Krjukowsk htw yielded Phacops a/taiais, Har/tes rcticidatus, Bronfeus 
siltiricM, ProHus Ochlerti, Palnianttcs, Ooniatites (Amrccstes) latrsep/aius, Chthoceras 
ulbsiuie, PUUycerasdUgunctuvi, Meristella ypsolon, Meridina ( Whiifieldm) tutnida, Athyris 
undata, Spiri/er sibiricus, Ac. — an assemblage that may represent the Coblcnzian group 
of the typical Rhineland series.'-* Richthofen brought from south-western China a series 
of marine fossils which show the presence there of strata probably referable to Middle 
and Upjier Devonian horizons. Out of 28 sjiecies named by Kayser, no fewer than 18 
■re cpsmopolitan, including such familiar forms as Rhynchonella cuboides, H. pug7ius, 

* P. N. Wenjukoff, ‘ Die Fauna dea Devouischen Systems im nordwestlichen und centralen 
Rnsslaud,’ St. Petersburg, 1886. This pa))er deals only with the invertebrate fossils, and 
leaves out the distribution of the abundant ichthyoUtes. 

* T. Tschernychew, ' Materialien zur Kenutniss der Devoniseben Fauna des Altai’s,' 
St Petersburg, 1893. 
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PenUtmtrus ^aieatui, Atrypa rtHeidOrU (var. dt9qmmata\ MtriitA fUUia, Spir^er 
Vemeuili, Ofihit ttriaiHla, Prodiutu* tubaeuieotus, ^UrtrpKaliaia produdoi<U$, Auloftora 
tubieformis} 

In the Hindu Khoosh Devonian fuseils have been obtained from the ri)<ht bank of 
the Chitral river, conaiating of corala and braohio|H)da {Favot^it'fs, CyaOu^kyllum, Orthii 
Ariatulci, Spiri/er tximtus, S. di^unctm, Athifrii wncentrim^ Atrypa oiperu, RftMelmria 
stringiceps).^ 

Nor^ Amarica. — The Devonian system, as developed in the Kurthern Statesi, and 
eastern Canada and Nova Scotia, preaenU much geological interest in the union which 
it contains of the same two distinct jietrographical and biological typs found in Knrojie. 
Traced along the Alleghany chain, through rennsylvania, into New York, the Devonian 
roi'ks are found to contain a characteristic suite of marine organisms comparable with 
•those of the Devonian system of Kurojte, But on the eastern side of the great range 
of Silurian hills we encounter in the north*eastcrn States, New Brunswick ainl Nova 
Si'otiu, A succession of red ami yellow sandstones, limestones, ami shales nearly devoid of 
marine organisms, yet full of laud-plants, and with oci asioiml traces of lish remtuns.* 

The marine or Devonian typ has been groii|>ed in the following sulHlivisionN by llie 
geologists of New York : - 

('at>kill lied Sandstone, with hsh remains Ac.). 

Chemung group {Spirt fer iWnt'uUi). 
portage group (rioiimtitcj, Cardura, Vlymenia). 

Genesee group {Hhynfhntflhi cf. ndmdf-a). 
llamiltou group {I'hacops, Hojiudonotvs, Cri/pfurua). 

Mait'cllus group {(iomntdfn). 

■(’-orniferous liniestonc {Sptriffr >’ ijrerfnrivs^ hai- 

nmnilc't, Proetus). 

Onondaga limestone, Schoharie grit, Cauda -galli grit, Esojhih slat**. 
fThis and the Corniferous limesloue are hnu-keted together as 
the epper HeUierberg group). 

Onskany sandstone* {Sftiri/er arrnotus, Hfii.ssi'tttnn owideii). 

in th<‘ Lower Uevonmn serien, traces of terrestrial plants [Puilophidon, ('nvlopferit^ 
Ac.) haie laien detected, even as far west as Ohio, (^»rals (cyatlmphylloid forms, with 
Fiiv<isdf't, Syringopora, Ac.) alxnind, esjx^cially in the Corniferons Limestone, f>erhA]« 
the most remarkable mass of coral-rock in the American Pahcozidc w'rics, from 
which Hall gathered a magnifiwnt collection of specimens. Among the brachiojiods 
are s{>e(ies of Pentjan<fruj<, Strickland in ia^ Jihynchamlla, and olhcis, with the rharac- 
teristic Kurojican form Spiri/cr c}iltrijngatu.i, and the world-wide Atrypa reticvlaris. 

• Richthofen, •China,' iv. j». 75. Abiuidautly fossiliferous Devonian rocks have Wen 
found in the provinces of Yunan and Kwel Chau (Douville, (Jompt. rend. 26th Keb. 1900), 
and more recently some be«ls of anthracite iuterstratifled among the shales and limestones 
fG. H. Moncx], 4gi. cU. 4th Keb. 1901). 

* (General M'Mahou and Mr. Hudlcston, Moff. 1902, pp. 3, 49. 

• See a suggestive paper on ‘ Palaeozoic Seas and Barriers in J^aslern North Americn,’ liy 
E. 0. Ulrich and C. Schncliert. Unit. Xnr York State Mvs. No. 52 (1902), p. 633. 

* As already .stated (p. 977), there Is a difference <)f ojnnion among American geologista 
as to where the base of the sy.slem should W placed. Professor H. S. Williams tbmkM it 
comes lietween the I»wer and Upper part of the Oriakany group (JtnJl. iieid. Sac. Amcr. xi. 
1900, p. 346) ; Mr. Prosser places the line at the Irtwe of the ('anda-galli grit {B. V. S fj. S. 
No. 120, 1894) ; otliers like Dr. J. M. Clarke and .Mr. Schm.hert, would include the*!x)wer 
Helderberg group as the base of the Devonian [Ji. Oetd. Sne, Amrr, xi. }>. 241 ; Mem. New 
York State Mut. iii. No. 3, 1900). In this Memoir Dr. Clarke fully discusses the Onskany 
fauna. Other recent papers by this alile paleontologist will be found in the JivUetin of tlie 
same Museum. Noa. 39, 49, 52. Isee also his paper on the Oneonta, Ithaca, and Portage 
formation in 15/A Ann. Rep. State Geologitt, New York, 1895. 
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The trilobitea include the genern DalmaniUSy Proituty and Phaeop$. Remains of fidiee 
occur in the Comiferoue group, consisting of ichthyodorulites and teeth of cestraciont 
and hybodont placoldsi with plates, bones, and teeth of some peculiar forms (Macro- 
petalichlkyBy Onychodiia). 

In the Marcellus shale, Hamilton beds, and Genesee shale remains of land -plants 
occur, but much less abundantly than among the rocks of New Brunswick. Brachiopoda 
are especially numerous among the sandy beds in the centre of the formation. They 
comprise, as in Europe, many broad-winged spirifers (S. pennatiu [mv£T<malu8\ &c.), with 
species of Pnxiudtca, Chonetea, AthyrUy &c. The earliest American goniatites have been 
noticed in these beds. 

The Portage and Chemung groups in the Eastern districts have yielded land -plants 
and fucoids, also some crinoids, numerous broad-winged spirifers, with Aviculie and a 
few other lamellibranchs, but in Western New York a more abundant pelagic fauna 
(Naples) is presented, especially rich in goniatites (Mantieoeeras, numerous species, 
Gepkiprarraa, ProbcloceraSy Belaeeraa, Sandbergeroceras, Tonioceroft, BactriUs), and Cly- 
menias {Cifrtochjitienia).^ These strata consist of>8hale8 and laminated sandstones, which 
attain a maximum thickness of upwards of 2000 feet, but die out entirly towards the 
interior. Tliey l^ass up insensibly into a mass of red sandstones and conglomerates 
—the Catskill group,’' which is 2000 or 3000 feet thick in the Catskill Mountains, and 
thickens along the Appalachian region to 5000 or 6000 feet. These red arenaceous rocks 
bear a striking similarity in their lithological and biological characters to the Old Red 
Sandstone of Europe. As a whole they are unfossiliferons, but they have yielded some 
ferns like those of the Upper Old Red Sandstone of Ireland and Scotland {Jrch«(^teris 
hibertiica anil a number of American a})ocie8, CychpferiSy &c.) some characteristic genera 
of fish, Bothriohpu^ IloloptychiuSy Olyptopomm, Dipterus, Gyracanthm, and n large 
lamellibranch closely resembling the Irish Amnigenia or Anodonta, From the Black 
Shale of Ohio at the top of the system and immediately l>elow the base of the Carboni- 
ferous series, the gigantic fishes were obtained to which reference was made on p. 988. 

Devonian formations not only stretch over the eastern part of the continent from 
Canada into northern New England and through the States of New York and Pennsyl- 
vania into West Virginia, but to the west of the Appalachian region they spread through 
Ohio and Michigan into Illinois, Missouri, and Iowa, They reappar in force to the 
west of the Rocky Mountains, being displayed in Nevaila in a mass of limestone 6000 
feet thick, followed by shales and quartzite, and with a remarkable similarity of fauna 
from bottom to top, though some Lower Devonian forms arc found in the lowest 500 
feet and Upper forms in the highest parts. The system extends still farther west into 
California, where some of its limestones are true coral reefs, associated with slates and 
schists, and are believed to lie about the platform of the Corniferous group of the eastern 
region or the base of the Middle Devonian series. They contain species of FavositeSy 
Cyalhophyllum, AccrmlariOy AlwoliUSy, Syrnigopora, Monticulipom, Loxoncma, Murchi- 
sonia, Bcllt;ropAon, OrihoceraSy &c.’ The Devonian formations of New York and 
Pennsylvania cross into Canada, where they spread over a wide tract in Ontario, and have 
yielded an abundant series of marine fossils, the Corniferous and Hamilton groups being 
particularly well developed. Tlicy extend across the district of Keewatin, to the west 
and south-west of Janes Bay, then northwards through Hm^son’s Bay to^outhampton la- 

' J. M. Clarke, **The Naples Fauns, with Mantuioeeriu Mimeaeieiu, in Western New' 
York,” 16#^ Ann. Bep. Slate Qtologiat, New Porky 1898. 

* On this group see J. J. Steveusoa, Proe, Amer. Jjisoe. xl. (1891), Vice- President’s Address 
to Qeol. Section ; Aimer. Jowm. Sei. xlvi. (1893), p. 330. N. H. Darton, op. eit. xlv. (1893X 
p. 203. Messrs. J. M. Clarke and Schnebert have proposed a raviseil classification of the whole 
of the older Palisoioic formatlonB of New York, SeieneOy x. (1899), p. 874. 

* J. S. Diller and 0^ Sdiuchert, Amer. Jonm. Sei zlvU. (1894), p 416. See C. S. Prosser, 
Butt. (T.S. 0. S. No. 120 (1894). 
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ind and westward into Manitoba, the Northwest Territories and Uie chain of the Rookj 
Aountaina In the Middle and Upper groups of Manitoba, which are highly fossiliferous, 
4 number of forms occur which cannot at i>res«nt be distinguished from European species 
{Cladopora eervieomis, Prodnctelta pm/itctouiM, Sihngoitphalus JSvrtini, Atrypa reticU' 
laris} itc.). 

Auitralaaia.— In New South Wales, the presence of Devonian rocks was deter* 
mined by W. B. Clarke from the evidence of fossils. Tlie tliickuess of strata (mnd* 
stones, quartzites, conglomerates, shales, and limestones) is in some places estiinateil at 
not less than 10,000 feet, passing down into Silurian and upwards into Carlwniferous 
strata. Among the numerous fossils are many forms familiar in corresjioniling strata 
in Europe and North America, such as f'yathophyllum tiarnmnirnse, Fatwiio rtikulatOy 
F, fibrosa, P, Goldftissi, Udiolilts poroaa, Chonftes hfiyuessiatta (hartlmufUi), Ortkis 
slruittila, Bhynehonella pUurodon^ H. pugntis, Atrypa rrtkularis, Spirifir rrmfiii7t.* 
In Victoria, certain limestones found at Hindi, on the Tanibo river, and els<'wliere, have 
yielded characteristically Middle Devonian fossils, including FavosUiX (tt^dfussi, 
Spiri/er IsevicosUitua, Chonfles australis, and a placoderin fish. With tliese rocks are 
associated contemiwrauoous felsitic lavas and tulfs. Other strata are referred to the 
Upper Devonian series.* 

Rocks, which may be of Devonian age, play an important }>art in the structure of 
New Zealand. They are the oldest known rocks in the North Island, and are 
said to reach a thickness of from 7000 Ui 10,000 feet in the Koutb Island, but as they 
are highly folded their dimensions may not be tw) great. They have yielded Rome 
brachiopods {Spiri/er vespertilio), and are said also to contain Hoinahaotus ejr}Htt\»us, 
and some plsnt remains. They are pierced by granite, near which in some ]daces they 
are traversed by gold reefs. * 


II. OLD RED SANDSTONE TYPE. 

^ General Characters. 

Under the name of Old Red Sandstone, is comprised a thick sories of 
red sandstones, shales, and conglomerates, intermwliate in age between the 
Ludlow rocks of the Upper Silurian series and the hawc of the ("arlxm if crons 
system in Britain. These rocks were termed “Old” to distinguish them 
from a somewhat similar series overlying the Coal measures, to which the 
name “New” Red Sandstone was applied. When the term Devonian 
was adopted it 8|)eedily supplanted that of Old Red Samlstone, inasmuch 
as it was founded on a type of marine strata of wude geographical extent, 
whereas the latter term dc8cril)ed what appfjared to )>e merely a British 
and local development. For the reasons alrca<ly given, however, it is 
desirable to retain the title Old Red Sandstone tis descriptive of a 
remarkable suite of deposits to which there is little or nothing analogous 
in typical Devonian rocks. The Old Red Sandstone of Europe is most 
characteristically developed in the British Isles. It was proKably deposited 
in separate areas or basins, the sites of some of which can still l>c traced. 
The diversities of sediment and of organic contents of these btisins point 

• J. F. Whitetvea. Addresi to Sec. E. Amrr. Aseor, 1869. 

^ See the authors cited on pp. 979, 980. 

,* R. A. F. Murray, ‘Victoria: Geology an«l Pbyaical Ge<^pby,' 1887. 

* Hector, ‘ Handbook of New Zealand,' p. 86 ; F. W. Hutton. Trans. Aeto ZttaUtnd 
Jnst.^ (1889), p. 163. 
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to the absence, or at least rare occurrence, of any direct communication 
between them. Nevertheless the presence of some of the same species of 
fishes in different basins, and also in marine Devonian strata at a distance, 
probably indicates that from time to time organisms did pass between 
these more enclosed waters and the open sea. It was maintained many 
years ago by Fleming and still more explicitly by God win- Austen, and 
was afterwards enforced by A. C. Ramsay, that these basins were lakes 
or inland seas. The character of the strata, the absence of unequivocally 
marine fossils, the presence of land-plants, myriapods, and numerous ganoid 
fishes, which have their modern representatives in rivers and lakes, suggest 
and support this opinion, which has been generally adopted by geologists.^ 
The red arenaceous and marly strata which, with their fish-remains and 
land-plants, occupy a depth of many thousand feet between the top of the 
Silurian and the base of the Carboniferous systems, are regarded as the 
deposits of a series of lakes or inland seas formed by the uprise of portions 
of the Silurian sea-floor, and usually cut oft’ from the open sea, which, how- 
ever, may have gained occasional access to them. The length of time during 
which these cnclo.sed basins must have existed is shown, not only by the 
thickness of the dejiosits formed in them, but by the complete change 
which took place in the marine life between the Silurian and Carboniferous 
periods. The prolific fauna of the Wenlock and Ludlow rocks was driven 
away from M'l'stcrn Furope by the geographical revolutions which, amoiig 
other changes, produced the lake-basins of the Old Red Sand.stone. When 
a marine ^jopulation — crinoids, corals, and shells — once more overspread 
that area, it was a completely ditt’erent one. So thorough a change must 
have demanded a long interval of .time. 

Ko(!Ks, — As shown by the name of the type, red sandstone is the 
predominant rock. The colour varies from a light brick-rod to a deep 
chocolate brown, and occasionally passes into green, yellow, or mottled 
tints. The sandsUmes are for the most part granular siliccjous rocks, 
wherein the comjKment grains of clear quartz are coated and held to- 
gether by a crusi of earthy ferric oxide. In no part of the geological 
record is the prevalence of this red material more marked than in the 
Old Red Sandstone, The conditions that led to the precipitation of this 
oxide in such (piantity are not yet well undei*8tO(Kl.“ Scattered jiebbles of 
quartz or of various crystalline rocks are frequently noticeable among the 
sandstones, and this character affords a passage into conglomerate. The 
latter rock forms a conspicuous feature in many Old Red Sandstone dis- 
tricts. It varies in thickness from a mere thin layer up to successive 
massive beds, having a united thickness of several thousand feet. The 
pebbles vary much in composition, consisting of quartz, quartzite, 
greywacke, granite, syenite, quartz-porphyry, gneiss, felsite, or other 
durable material, and their varying nature serves to distinguish some 
bands of conglomerate from others. They are of all sizes up to blocks 

* For a history of opinion on this subject see A. G., Traus, Roy. Soc. Edin. .\xviii. p, 346, 

See postfo. p. 1006. Mr. I. C. Russell couclndea that in the majority of cases the ferric 
oxide was depoeitetl dtiring the snltaerial decay of the rocks from which the sediment was 
derived. B. V. S. 0. No. 52 (1889). 
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eight feet or more in length. They are sometimes tolerably angular, 

particularly where the conglomerate rests upon schists or other rocks which 
weather into angular blocks. In the upper OKI Ked Sandstone, thick 
accumulations of subangular conglomerate or breccia recall some glacial de- 
posits of modern times (p. 1011). The stones in the conglomerates are 
generally well rounded, sometimes indeed remarkably so, even when they 
are a foot or more in diameter. The larger blocks are usually more angular 
fragments that have been derived from rocks in the immediate neighi)Our- 
hood. The smaller rounded stones have often come from some distance ; 
at least it is impossible to discover any near souree for th«‘m. Bands of 

red and green clay or marl occur, in which seams and n<Klulea of corn- 

stone may not infrequently be olwerved. Here and there, too, the sapd- 
Btones assume a flaggy cluiracter, and sometimes pass into lino grey or 
olive-coloured shales and flagstones. Organic remains occur in some of 
these grey beds, but are usually absent from the r<‘d Strata, though in 
some of the conglonieraU's teeth, scales, and hnikeii l)ones of fishes are 
not uncommon. In the north of Scotlaml, })«*culiar very hard cal<‘areou8 
and bituminous flagstones are largely developed, and have yielded the 
chief part of the remarkable ichthyic fauna of the system. In Scotland, 
also, contemj)oraneously eruj)ted andesites, diaKises, agglomerates, and tufls 
play an imiMutant jwrt in the jxjtrography of the Old Ked Sundstotie, 
seeing that they attain a thickness in K<»me plac(‘s of more than OOOO 
feet, and form im]K)rUnt ranges of hills. They jM)int to the existence of 
extensive volcanic eruptions from numerous vents in the itdand Imsins in 
which the sediments were accumulated. 

Lifk. — X o greater contrast is to be found between the organic con- 
tents of any two successive groups of r(»ck than that which is presented 
by a comparison of the Up|)cr {Silurian and Obi Betl Sandstone systems 
of Western Europe. The abundant marine fauna of the Ltidlow {)erio<l 
disapjieared from the region. As soon as the red nwks begin, the fossils 
diminisli m number and soon die out. Ihit the geographical changes 
probably took place slowly. The jjeculiar conditions under which the 
red sediments were laid down began to show themselves while the 
Upper .Silurian fauna still flourished in the waters, so that some of^he 
uppermost fossiliferous Silurian stmta (I)owntonian ami Tile-stones) are 
quite red. 

Some traces of the aquatic plants that grew in the fresh water lakes 
have been detected. An abundant fossil, originally referred to the 
vegetable kingdom and named Parka by Fleming, wfis afterwards con- 
sidered to l>e more probably the egg-jxickcts of the large crustaceans 
which a))ourided in these waters. More recently, however, this organism 
has been carefully studied by Sir J. W. I>awson and Professor I). P. 
Penhallow, who came to the conclusion that it represents what were 
aquatic plants with creeping stems, linear leaves, and sessile sporocarps 
bearing two kinds of sporangia.* Oh the land that surrounded the lakes 
or inland seas of the period, there grew the oldest ten-estrial vegetation 
of which more than mere fragments are known. It has Wn scantily 
‘ Tram. Rny. StM-. Camda, ix. (1891), »ett. iv. pp. 3*16, 
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►reserved in the ancient lake-bottoms in Europe ; more abundantly in 
}asp6 and New Bnmswick. The American localities yielded to the long- 
;onti ruled researches of Sir J. W. Dawson more tl^n 100 species of 
and-plants. They are almost all vascular cryptogams, lycopods and ferns 
)eing largely predominant. Among the equisitacece are Asterocalamites, 
%lamclailu3^ A imularia, and Pinmdaria, The lycopods include Lycopodites, 
Leptophleum, Lcpulodendvim, Pinlophyton (Fig. 386, especially characteristic), 
Arlhmtiyrm, and Pothrodendron (Cyclostigma). The ferns belong to the 
genera Archroptem (Palmpkris\ NeuropteriSf SpheiuyptmSy Aneiviites^ 



* Fin. 3Mi.— Tsilophyton robufitum, Dnwiion. Lowf>r Old Reil Sandstone, Perthshire. 

Drawn by Mr. K. KIdston. 

(1, Riiecimen of the plant ( nat. sire ; b, fmctlflcation ; c, empty spore-cases. 

Akthopifris, Megahptei'is} Higher forms of vegetation are represented by 
the Cordaitales, which include CordaiteSy Araiicariojcylon {DadoayloTi),^ &c., 
and are now regarded as synthetic types, since they possess the characters 
of both the Conifers and Cycadofilicalos. So abundant are the vegetable 
remains in certain districts of the Old Red Sandstone that in some layers 
they actually form thin seams of coal. 

Thep interest of this flora is heightened by the discovery of the fact 

* Bee note 3, p. 1018, on the pUnt-bede of St. John, New Brunswick, firom which so 
rich a flora, supposed at first to be l^yoniau, was obtained. 

* Mevi. (Teof. Smrvej/ Oanada, 1871 ; op. cU, 1878 ; Q. J. O. S. 1881, p. 299 ; 
* Acadian Geology,' 2nd edition. 
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that the prime?al forests were not without the hum of insect life. 
Ancient relics of insect forms, which have been recovered from the 
Devonian strata of New Brunswick,' include both orthopterous and 
neuropterous wings, and have Imen regarded by Mr. Scudder of Boston 
as combining a remarkable union of characters now found in distinct 
orders of insects. In one fragment he observed a structure which he 
could only compare to the stridulating organ of some male Orthopimu 
Another >ving indicates the existence of a gigantic Ephniimi, with a 
spread of wing extending to five inches. Tlie Lower Heldcrborg rocks 
of New York, which by some geologists are placwi in the Devonian 
system (p. 977), have furnished two genera of scorpions ( /^//.wp/tofius and 
Proseorpius). 

The existence of myriapods in the forests of this ancient fiericnl has 
been shown by Mr. B. N. Peach, who finds that the so-called Kauipecnm, 
previously regarded as a larval form of isopod crustacean, really contains 
two genera (Kampecaris, Archidp-mus) of chilognathous myriapods differing 
from other' known forms, fossil and recent, in their less differentiated 
stnicture, each body segment being se{)arate, and sujiplied with oidy one 
pair of walking legs.*-^ There were also pulmoniferous shells, of which 
one species (Strophites (fiwidieva, Dawson) occurs in the plant-bods of St. 
John, New Brunswick.^ 

The water-basins of the Old Hed Sandstone might be supposerl to 
have been, on the whole, singularly devoid of aipiatic life, inasmuch as 
80 large a proportion of the red sandy and marly strata is un fossil iferous. 
In some of the basins where the sediments are not red and sandy, it is 
evident that life was extremely abundant, as is shown, for example 
by the vast (piantities of fossil fishes entombcil in the grey bituminous 
flagstones of Caithness and Orkney. It may be observed also that 
where grey shales occur intercalated among the red samlstones and 
conglomerates they are often full of plant-remains, and may contain also 
ichthyolites and other fossils which are usually absent from the coarser red 
sediments. There Mrould appeiir to have been occasions of sudden and 
widespread destruction of fish-life in the waters of the Old Bed Sandstone, 
for platforms occur in which the remain.s arc thickly crowded together, 
yet so entire that they coidd not have been transportwl from a distance, 
and must have been covered over with silt before-they had time to decay 
and undergo much separation of their plates and scales (p. 82M). 

An interesting confirmation of the view that these basins were isolated 
is supplied by the occurrence of what is believed to be the oldest lacustrine 
or fluviatile mollusk yet known, AmiUgenia {AnodoiUa, Archawdan) Jnkmi. 
This shell has been found in the Upper Old lied Sandstone of Ireland and 
England associated with land-plants {Archmipteris, Spheiu^tmt^ Pothrodenr 

* For s synopsis of sll known species of fossil insects up to the year 181M), see*/l. (/. S, 
No. 71, 1891. 

* PriK. Roy. Phyt. Soe. Edin, vii. (1882), p. 179. 

* See the note on p. 1013 regarding the age of these plant-beds. If found in the Carboni' 
tmm portion, the shell mentioned in the text roust be removed from the list of Devonian 
or Old Red Sandstone foeaila., 



1004 


stbatigbapbical asoLoar 


book VI FABT 


— — , , 

'iSZ’c.«m .Kni 







r,,. .^.-UowrOld ««> ,, o.,»,.p,. microlepi. 

s.’s-vr'-sssr.'.-..-..--- 

. R. B. N.«ton, iM. Mag. 1899. p. 246 ; J. M. Ctart . 

No. *9 (1901V P- 1»»' 



ftict. iil IL § 1 OLD RED SAKDSTOKE 


lUUO 


coderms and fishes (Figs. 387, 386). Among these the Ptfrasyns survived 
for a while from Upper Siluriiin times. With it tliore lived other forms 
{Hidaspis) and genera of the allied family of the Cephalaapida?. Of the 
genus Cephalmpis, upwards of ten species are known, the largest of 
which (C. 7tutgnijica\ from the Caithness flags, measures inches in 

breadth. The ancient Dipnoi, which still survive in a few forms in some 
African and Australian rivers (Piotopfr/us, LWatotius)^ were represented in 
the lakes of the Lower Old Ketl Sandstone by the abujidaiti JHptcnL<, and 
in those of the Upper by Phanmtpleuron. The 
Elasmobranchs were represented by the acan 
thodians, distinguished by their strong spines, 

{Mesiicatitkus [Jcantliv(l('s]t JMplaamt/ius, Vhi'int- 
ctinihus). Some of the most bizjirre forms 
were such ostracoderms as the PUrichihyn (Fig. 

388), Astfrolepis, and Hothnokph. The older 
Crossopterygidip, so remarkable for the central 
scaly lobe of their fins, and rejwesented at the 
present time by swarmed in tin* 

watera, some of the most characteristic genera 
being Tristti'/iopivniSy (ri/roptichinSf Olyplolepu^ (hUv- 
lepu7, Thursius, and }Jiplq)teru.% which arc found 
in the C'aithnesa Flagstones of Scotland, and 
Glyptopomus and IlolophjckiuSf w’hich are character- 
istic of the Upjier division of the system. The 
order Arthrodira, which corapri-ses the family of 
the coccosteids, includes the type genus CVr(;.dc«.s', 

Phlijcixna,^pi,% and tlio gigantic Jhmwsteus {AsUro- 
U’pis of Hugh Miller, but not of Kichwald). This 
latter form appears to have been the largest fish 
of the [leriod in the hhiroi>ean area, its nntssive 
cuirass-like head -shield sometimes measuring twenty inches in length 
by sixteen in breadth. Ganoids were represented by some small 
sturgeon-like fishes (ChAroUpis) in the fauna of the earlier portion of 
the period in Scotland (Lake Orcodie), while in the Upper Old Ked 
Sandstone there were selachians of the genera Psammosteiis and 
Cosmacanthiis.^ The Diukhthys already referred to (p. 988) as occurring 
in the Devonian rocks of North America was ]»robably one of the largest 
and most formidable of these early fishes. Its head alone, encased in 
strong plates, atUiined a length of three feet, and was armed with a 
powerful appjiratus of teeth. 

A few eurypterids are met with in the Old lied Sandstone, especially 
of the genera Eurypterus and Pterygvius (Fig. 384). The sp^ies of the 
former are small, but one of the latter, P. anglkuSy is found ip Scotland, 
which must have had a length of five or six feet. Other genera are 
EurypUrdUij Slimonia^ and Styloiiurm. Phyllopods allied to the modem 

* Triqiuir, G«fo/. May. 1888, p. 507, and “ The extinct vertebrata of the Moray Firth area” 
in Harvey Brown and Buckley's ‘Vertebrate Fauna of the Moray Baiin,* 18M. M. Lohest, 
Ann. .%e. O’M. Brig. xv. fl888), p. 112. Whiteavee, f^anad. Xat. x. Noe. 1, 2 (1881). 
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brackish-watcr Esiheiia abound in the Caithness flagstones, in north-west 
Russia and in the Catskill group (New York). Ostracods {Aparchites, 
Isochilimy Be^ichia, or Drepanellaf) occur in Scotland. Phyllocarid 
genera are found, especially in the upper part of the system, in the United 
States (ErMnocaris, PqjhricariSy EleutherocariSy ElymocariSy Tropidocaris). 


§ 2. Local Development. 


Britain. —Murchison, who strongly advocated the opinion that the Old Red Sand- 
stone and Devonian rocks represent different geographical conditions of the same period, 
and who had with satisfaction seen the adoption of the Devonian classification by 
Continental geologists, endeavoured to trace in the Old Red Sandstone of Britain a 
threefold division, like that which had been accepted for the Devonian system. He 
accordingly arranged the formations as in the subjoined table : — 



2 a 

o 


& / ^ sandstones and conglomerates {Bothriolepis [formerly 

^a, \ PtericlUhyg] imjor, IloloptyrMus nobilimnms, kc,) = Dura Den beds. 

ji I (iroy and blue calcareous and bituminous fiagstones, limestones, and 
^ I red sandstones and conglomerates {JHplerua, Oattdepis, Uomosteus, 
jg [ d/esttoan^/ius, &c.) = Caithness flags. 

« 1 Red ami purple sandstones, grey sandy flagstones, and coarse con- 
I glomerates {CephikupiSy Pteraapia, Pterygutus) — kxhxoaXh. flags. 


It is imimrtant to observe that in no district can these three subdivisions be found 
together, and that the so-called “nihldle" formation occurs only in one region— -the 
north of Scotland. The classification, therefore, does not rest upon any actually ascer- 
tained stratigraphical sequence, but on an inference from the organic remains. The 
value of this inferouce will be estimated a little farther ou. All that eau be affiiined 
from the observed stratigraphy is that a great physical and palotuntological break can 
everywhere Im< traced in the Old Red Sandstone of Scotland, dividing it into two 
completely distinct scries.' A similar hiatus will not improbably be discovered in the 
Old Red Sandstone of South Wales. 

As above remarked, the Old Rod Sandstone, where its strata are really red, is, like 
other masses of red deposits, singularly barren of organic remains. TIjc physical con- 
ditions under which the precipitation of iron-oxide took place arc not easily explained, 
but were evidently unfavourable for the development, or at least for the fossilisation, 
of animal life in the same waters. Ramsay connected the occurrence of such red 
formations with the c.\istoncc of salt lakes, fi-om the bitter watcre of which not only iron- 
oxide but often i*ock-salt, magnesian limestone, and gypsum v^**re thrown down.^ He 
pointed also to the prestmeo of laiid-plaiits, footprints of amphibia (in Permian and later 
formations) ami other indications of terrestrial surfaces while truly marine organisms are 
either found in a stunted condition or are absent altogether. We have seen that where 
the strata of the Old Red Sandstone, Iming their red colour and ferruginous character, 
assume grey or yellow tints and |)as8 into a calcareous or argillaceous couditioi^ they 
not iufre<]noutly become fossiliferous. At the same time, it is worthy of remark that 
reii conglomerates, which might be supposed little likely to contain organic remains, 
are occasionally found to be full of detached scales, plates, and bones of fishes. 


» A. 0., V. vol. xviii. (1860), p, 312. 

" Professor Qoaselet contends that the precipitation of iron might quite well have taken 
place in the sea, and he cites the case of the Devonian basin of Dinant, where the same 
bsiiis are in one part red and barren of organic remains, and in another part of the same 
area are of the usual colours, and are full of mariue fossils. But the red colour of the Old 
Bed Sandstone is generai,end is aecompanied with other proofs of isolation in basins (p. 1000). 
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Tlie Old Eed Sandstone of BritaiD. according to tlte author's researches, (onsista of 
two subdivisions, the lower of which passes down couformthly into the Upper Silurian 
deposits, the npper s^aedng off in the same manner into the base of the Carboniferous 
system, while they are separated from each other by an uuconfomiability. 

1. Lower.— Red sandstones, conglomerates, Hagstones, and assoi'iated igneous 
rocks, passing in some places conformably doivn into Upjier Sihirian formations, 
elsewhere resting unconforraably on Dalradian or other older Tocki—rachythecu, 
Kamptfaris, EurypUrus, PUrygotua, Vepfuilaapia, Memcanthua^ JacJtnamnfhua {Ihpior 
eanthua)t ClivuUitUf Thelotlus^ kc. 

In a memoir on the Old Red Sandstone of Westt'rn Kuro|w, tlu* author projwhed 
short names for the tlitfereut detached basins in which tho Lower Old Red Sandstone 
was accumulated.^ The most southerly of these (the Welsh Like) lies in the Silurian 
region extending from Shropshire into South Wales. Here the uppermost }>aits 
of the Silurian system graduate into red strata, not less than lO.OOU feet thick, which 
in tunr [tass up conformably into the base of the Carlwniferous system. This vast 
accumulation of red rocks consists in its lower {n^rtions of red and green shales and 
flagstones, with some white saudstonea and thin eornstotieji ; in the central ami chief 
division, of red and green a]totted sandy marls and clays, with red sandstones and 
cornstone.s ; in the higher parts, of grey, red, chocolate-eolonml, and yellow sand- 
stones, with bands of conglomerate. No uncoiiforinability has yet Is'eii proved in any 
part of this series of rocks, though, from the observations of Do la Iteche and Jukes, it 
limy )>e sus|)ected that the higher strata, which graduate upwards into the ('arbouiforous 
formations, are separated from the underlying [tortious of the Old Rt‘d Sandstone by n 
distinct discordance.® 

Although, as a whole, barren of organic remains, these red rocks have here and 
there, more particularly in the calcareous zones, yielded fragments of fishes and 
cnistaucans. In their lower and central portions lemains of Crpfuilaapia, Dutyw.aaj)ia, 
IHeraapia, and Cynthmpia have la'eii found, together with euiypteriils of the genera 
Styloniu'ua, herygutiiSf the crustacean Prearclurua, and obscure tiaces of jdants. The 
upiicr yellow and red .sandstones contain nunc of the ceplutlaspiil fishes, which are 
there replaced -by Bothriolfpia ami I/oloptychiua, together with Ainui.tjrni<i {Anodimtn) 
and distinct impressions of land-plants. In some of the higher paits of the Old Ri^d 
Sandstone of South Wales and Shropshire, ScrpuUt and Cunuhrm occur, hut these are 
exceptional cases, and point to the advent of the Carlamiferous niiirin© fauna, which 
doubtless existed outside the British area before it spiead over the site of the Old Reil 
Sandstone basins. 

It is in Sootlaud® that the Old Red Sandstone shows the most complete and 
varied development, alike in physical structure and in organic contents. Throughout 
th&t country the system is found to lie distributed in distinct basins of dejiosit, in each 
of which, where fully tlev^ojicd, it consists of two well-marked groujis of strata, 

* A. G.. Tram. Roy. tSoc, Edxn. vol, xxviii. (1879). 

* De la Beche, Mmu Qtd. i^rv. vol. i. (1840), p. 60. J. B. Jukes, ‘ Letters, Ac.’ (1871), 

p. 508 ; letter to A. C. Ramsay, dated 1857. Symouds, ‘itecords of tbe Rocks’ (1872). 
Hughes, Brit. Aaaoc. Rep. (1875), sects, p. 70. The Geological Survey is now engaged in 
revising the maps of South Wales and may succeed in determining the detailed stratigraphy 
of the Old Red Sandstone in that region which, in its western [lart, is somewhat complicated.' 
Up to the present time, however, no dellaite break in the straiigraphical sef|uenc« of tbe 
formation h« been detected. Nummary of PnujrtMa Itx \^^\. i 

* Bee Agassiz, * Poissons du Vieux Gres Rouge.’ Hugh Miller’s * Old Red Bandstotie,' 
and ‘ Footprints of the Creator.’ J. Andeiaon’s ‘Dura Den.’ Huxley, Decode x. of Mem. 
OeU. Surv. 1801. MxplamUiom Ged. iiurv. Scotland, sheets 14, 16, 23, 24, 82, 33, 34 ; 
Qtol. Sure. Memairt on ''Central Fife," 1900, and '* East Fife," 1902 ; author’s memoirs cited 
on this and the previous page, and * Ancient Volcanoes of Great Britain,' Book V. 
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Mparated from each other by a strong unconforniability and a complete break in the 
Bucceaaion of organic remains. There is sufficient diversity of lithological and paleeontu< 
logical characters to indicate that these several areas were on lOre whole distinct basins, 
sefMirated both from each other and from the sea. The interval between the Lower and 
Upiier Old Ked Sandstone was so protracted, and the geographical changes accomplished 
during it wore so extensive, that the basins in wliich the late parts of the system were 
deiKwitftd only partially corresiwnded with those of the older lakes. 

Of the basins in which the liOwer division of the system was deposited the most 
important (Lake Caledonia) occupies the central valley, between the base of the High- 
land mountains and the Uplands of the southern counties. On the north-east, it 
presents a series of noble cliif-seclions along the coast-line from Stonehaven to the 
7nouth of the Tay. On the south-west it ranges by the island of Arran and the south 
of Canty re across St. (Jeorge’s Channel into Ireland, where it runs ahnost to the western 
seaboard, Hanked on the north, as in Scotland, by hills of crystalline rocks, und on the 
south chiclly by a SIhuian belt. Both divisions of the Old Ked Sandstone are here 
typically seen. The lower series of deposits attains a maximum depth of perhaps 
20,000 feet, and everywhere presents traces of shallow -water conditions. The 
accumulation of so great a thicknes.s of sediment can only be exidained on the supposition 
that the subterranean movements, which at first ridged up tlie Silurian sea-lloor into 
land, enclosing separate basins, continued to deejsm these basins, until eventually, 
enormous mas.se.s of sediment had slowly gathered in them. This massive .sorii-s of 
ileposits itasses down confttrmably in Lanarkshire into Upjier Silurian rocks ; elsewhere 
its base is concealed by later formations, or by the unconfoi inability with which diflerent 
horizons rest niton the older rocks. Covered unconfonnably by every rock younger than 
itself, it consists of reddish-brown or chocolate-coloured, grey, and yellow sambstones, red 
shales, grey llagstone.s, coarse conglomerates, with occasittnal b.xnds of lime.stone and 
eornstoue. The grey fiag-stones and thin giey and olive ^hales ami “ calmstones ” are 
almost eonfined to Forfarshire, in the north east part of the basin, and are known as the 
Arbroath Hags.” One of the most marked lithological features in this central St otti.sh 
basin is the oeeuirence in it of extensive, musses of interbeildod volcanic rocks. These, 
consisting of andesites, dacites, diabase.s, agglomerates, and tuffs, attain a thickness of 
more than HOOO feet, and form imi>oitant chains of hills, us in the IVntlaud, Oohil, and 
Sidlaw ranges. They lie several tlumsaml feet above the base of the .sy.stem, and arc 
regularly interstratilied with bands of the oiahnary 8«idimenturv strata. They point to 
the outburst of numerous voleanic vents along the lake or inland .sea m which the l.uwci 
Old Red Sandstone of Central Scotlaml was laid down ; and their disposition .shows that 
these vents ranged themselves in line.s or linear groups, paiallel with the general trend of 
the great central valley. The fact that the igneous rocks are succeeded by thousands of 
feet of sandstones, shales, and conglomerates, without any inteu alatiou of lava or tuff, 
proves that the volcanic episode in the history of the lake* came to a clo.se long before 
the lake itself disapiieared.* As a rule, the deposits of this basin are singularly unfos- 
ailiferoua, though some iHUtions of them, jiarticularly in the Forfarshire (Arbroath) Hag- 
stone group, have proved rich iii remains of crustaceans and fishes. Nine or more siiecies 
of crustaceans have been obtained, chiefly eurypterids, but including one or two 
phyllopods. The large pterygotus {P. amjlieHH) is esiiecially characteristic, and must 
have attained a great size, for some of the individuals indicate a length of 6 feet, with a 
breadth of IJ feet. There occur also a smaller species {P. xti/ior), two KiirypU ri and 
three species of Stylmurm. Upwards of twenty 8i>ecies of fishes have lieen obtained, 
chiefly from the Arbroath Hags, lielougiug to the groups Acanthodii and Ostracodermi 
(Fig. 387). One of the most abundant forms is the little Mcnacunthus {Acanthotlea) 
MUcMli. Another common fish is Isehnatanthm {Dip/acanthus) yratilis. . There occur 

‘ A. G., Presidential Addre-ss, /. O. S, 1892, p. 62 .w*/. Tliis volcanic history is more 
fully discusml lu * Ancient Volcanoes of Great Britain,' Book v. 
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«lao Climatiui Kvtiger, C. ntieutatu*, C. uneimUvs, C, J/aofrVo/i, r. jfmndis, C, graciltf, 
FarexM iuatrvus, Otphaltupit Lyellii, Ptrraspis Mitthtlli, and tlie curious shark -lik« 
geous Thdodus, which survired from UpiH?r Silurian time. Some of th» samlstonos and 
■bales are crowded wrth indistinctly preserved vegetation [Iktchytkera, &<•.), occasionally 
in sufficient quantity to form thin lamina* of coal. The ogg like impressions known as 
Parka dacipiens and referred to on p. 1001, also aliound in some layers. In Forfamhire, 
the surfaces of the shaly flagstones are now and then covered wiih linear grass- like 
plants, like the sedgy vegetation of a lake or marsh. In Perthshire, certain layers 
occur, chiefly made up of compressed stems of Psahyphyton (Fig. 38(5). The adjoining land 
wus doubtless clothed with a flora in large measum lyco{iodiaoeoUK, 

On the northern side of the Highlands lies another still larger l>asin (Ijike Orcadie). 
blit only a portion of it emerges above the sea. Skirting the slopes of the mountains 
along the Moray Firth and the east of Ross and Sutherland, it stretehes through 
Caithness and the Orkney Islunda to the southern i»art of the Shetlaml (>ruu|t. It 
may jiossihly have been at one time continued as far os the Sognefjoid and DaIsQord 
in Nonvay, where red conglomerates like those of the north of Scotlaml occur. It 
may even have ranged eastwards into Russia, or at least have had a water-channel 
connecting it with that region, for, as already stated, some of its most character* 
istic fishes are found also among the Russian Devonian formations. Its strata are 
typically developed in (.’aithiiess, whore they consist chiefly of the well-known dark- 
grey bituminous and c.ilcaieous flagstones of commerce. These lie unconfoimably njion 
various crystalline .schists, granites, Ac., and must have l>eeu dcjuisited on the uneven 
bottom of a sinking basin, seeing that wcaaionally even some of the higher platfoims are 
found resting against the mure ancient r<x:ks. The lower zones consist of red .samlstoiiM 
and conglomerates, which graduato upward into the flagstones, Other red Kamlstonea, 
how’ever, supervene in the higher parts of the syitem The total dc[)lh of the senci in 
Caithness has been estimated at upwards of 1(5,000 feet. Murchison was the first to 
attempt the correlation of the Caithness flagstones with the Old Red Sandstone of the 
rest ol Piilain. Funnding innm the absence fiorn these northern rockn of tin* cephaltspl- 
dean fishes characteristio of the odmitteii I.Kiwer Old Red .SandHlonc in the south of 
Scotland and in Wule.'i and Shropshire, Ujion the pic.scncc of nnnieious genera of fishei 
not known to occur elsewhere in the true Lower Old Red Sandstone, and upon the 
discovery of a Pti rijgotui, in the Inisemcnt red sandy group of strata, he coni ludcd that 
the massive flagstone series of (’aithness could not he classed with the Lower Old Red 
Sandstone, but must be of younger date. He sup{M>.<ied tho red sandsbmes, con- 
glomerates, ami shidcs at the ba.se, with their to represent the true lyower 
Old Red Sandstone, while the great flagstone series with its distinctive fishes was made 
into a middle division, answering in some of its ichthyolitic contents to the Middle 
Devtiiiian rocks of the Continent. It must be admitted that the fauna of l.Ako Orcadid 
is unlike that of Lake Caledonia, while the identity of some of the northern genera with 
those elsewhere found in middle or even upper Devonian horizons is so far in favour of 
Murchison's view. On the other hand, considered from the tectonic side it is difficult to 
believe that the similar Old Rcsl accuinulations on the two sides of the (irampiarih, now 
only a few miles apart, can belong to widely diflTerent iicriods. Long continued isolation 
in se])atate basins would lead to great changes in the faunas ofi these arous, and the 
coiiditioms for biological development, if we may judge from the kbiiodance of tin* fish 
remains, were more favourable in the northern than in the southern waters. A few of 
the genera specially distinctive of the Lower Old Kwl Sandstone <io oci.ur in the Moray 
Firth area Cfphalmpis, MuacatUhtiM, and jierbap* PareJtm). MoiviJver, the 

Lake Orcadie flagstones and fisli-beds are overlain uncoiiformably by the undoubted 
Upper Old Red ^ndstune, with its characteristic fishes, so that they occupy a strati* 
graphical position idmiticai with that of the unqueationed I»wer Old Retl Sundstone 
on the south side of the Highlands. More than sixty species of fishes have ls*eii obtained 
from the Old Red Sandstone of the north of Scotland. Among these, the genera 
VOL. II X 
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ChdraearUhiM, Cheirolepia, Coeeoateus, DiplacantAiu, ViplofjgUrm, Dipterua, OlyptoUpia^, 
Gyroptyrhius, Homaciinthm, HcmaUeua^ MeMmvJtkui, Odedepia, PaXato^pondylua^ 
PtericlUhys (several species), IthadinaeanGiua and Thuraiua are specially characteristic. 
Some of the shales are crowded with the little phyllopod crustaceciti Edheria mambran- 
otatLy and the lar^^est siiccies of Vepfuduapis {C> maynijica) comes from this basin. Land- 
fdants aliottnd, esfiecially in the higher groups of the flagstones, where forms of 
Pailophytan, Lepidodendron, Stiijinaria, SiyiUaria (1), Calamibna and Vyclopteria, as well 
as other genera, occur. In the Shetlami Islands, traces of abundant contemjioraneous 
volcanic rocks have been observed.* These, with the exception of two trifling examples 
in the region of the Moray Firth, are the only known instances of volcanic action in the 
Lower Old Red Sandstone of Lake Orcadie. 

A third basin in W'hich the Lower Old Red Sandstone was de^iosited exteiuls through 
the district of Lome in the we.st of Argyllshire. The rocks in that area consist in 
large measure of andesitic and tr.uhytic lava.s and tufTs, but with some underlying and 
intercalated shales, HandHtonc.s, and coiigloinerates. From these strata an interesting 
series of organic remains hits Ih^oii obtained near Oban, including a new sjiecies of 
CepJialaapis (C. lornaiuHu), Memcanthns, 7'hclodus (?) ; several genera of ostracods 
{Apirchiti H, ImhUimy and Beyrichia or DrepanelU Ptenjyobis (like P. Anglicus ) ; two 
siHJcifs of ehilognathous myriapods (Kanipecarift and Archidesinua) ami plant-remains, 
some of wlneh are allied to PaUophyton.'^ The researches of the (J<*ologieal Survey, 
which have brought these organisms to light, have also determin<>d that the younger 
ghiiiites of this rcgi«)n have invaded and altered various members of the Lower Old 
Rad Sandstone, and thtis that some portions of the great intrusive bosses of the High- 
lands are not ohler, but may l)e younger, than the Lower Old Red Sandstone. •• 

An(»thcr basin of aecuinulation 4»f the Lower Old Red Sandstone lies in the east of 
Berwickshire, and inchnles the Cheviot Hills. Its materials are agaiu largely of voleanie 
origin (unde.sitic lavas and tufls, Ac.), hut they imdude strata containing remains of plants 
and Ptcryyotm. It is interesting to notice that in this tract uIm) tin* volcanic rocks 
have Inicn invaded by a granitic; boss. Not improbably hcie and in the Highlands 
these intrusive masses were conuceted with the closing phase.s of the volcanic jwriod, 
like the great cones of granophyre and granite among the Tertiary basalts of the inner 
Hebrhlcs.* 

2. Ui’VEU. -This division eonslsU of rt‘d sandstones, deep -red clays or marls, 
conglomerates, and hrei cias, the sandstones jmssing into yellow or even white. These 
strata, wherever their stratigraphical relations can be distinctly traced, he uncon furmably 
Ujwn every formation older than themselves, including the Lower Old Retl Sandstone, 
while, on the other hand, they |>uss up conformahly into the Carboniferous rocks above, 
As already remarked, they were de|K)8itod in basins, which only partially ('orres|)onded 
with those wherein the Lower Old Red Randstone had been laid down. {Studied from 
the side of the underlying formations, they seem naturally to form part of the Old Red 
Sandstone, since they agree with it in general lithological character, and also in con- 
taiiiing some distinctively Old Red Sandstone genera of ilshes, such as Bothriolepis, 
CoccosteMy and Holoptychim ; though, approaelied from the upper or Carboniferous 

> A. Cf., Tntnn, Hoy. Sor. Kdin. xxviii. (1878), j). 345 ; iVesideiitial Address, Q. J. .S’, 
xlviii. (1892), p. 94 ; ‘Ancient Volcanoes of Oreat Britain,’ chap. xxi. (1898), pp. 383, 
865. Foach and Horne, /Vw. Roy. Phy$. Soc. Edin. v. (1880) ; Tram. Boy. Soe. Edin. 
xxxii. (1884), p. 359. J. S. Flett, op. cif. xxxix. 

’Auncient Volcanoes of Great Britain,’ t p. 341 ; Summary qf Progreao of Qtol, Sum, 
for the years 1897-1901 ; H. Kyiiaston, Trans. Xiiio. iiroL Soc. viii. (1900), p. 87. 

• See es^iecially the work of Mr. Kynaston in ^Vuwmary of Progress for 1901 and 
prevloua yeiwa. 

* C. T. Clough, •* Cheviot Hills,** iJeol. Sun\ Mem. Sheet 108 N.K. (1888). J. J, H. Teall, 
Oad Mag. ISS3. ’Ancient Volcanoes of Great Britain,' L p. 336. 
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direction, they might rather be a&sanied a« the natural isaiidy base of that system into 
which they insensibly graduate. On the whole, they are remarkably l«»rrt'n of organic 
remains, tliough in some localities (Dura I)eu in Fife, Ijimlerdale^* they have yicldetl 
a number of genera and sf>ecie8 of tishea, crowded profusely thruugh the .saiolsione, ,ik 
if the individuals ha<i been suddenly killed and rapidly covered over with sediment. 
Among the distinctive fossils of the Upper Old Red Sand.stotie aie s|H‘cic« of 
AH*rolcpis^ BUhrU)((pis (formerly confused with lirrichthu^), rxecost, us. OmchiMiu.s, 
Cosmacanihits, Gbjptupomus. GijTopUjchnis^ lloloptijfhms (four or more sjkh jcs', 1‘hnnrrtt- 
pffuron, PhyHoJqiiSf BtiNplmKius and Psitt»m»sfnLs. 
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fij?. .isi'. Sn-licui sJi'jHKiK 111*’ n Uttoii of ih** two <li\ moms of tti*- «»Id K<‘il HiUMi-'toiif iii Hoy, 
Orkney lhl.tii-1- 

1, CaiHiiiexs llng'-tonoH , J. rotie ol lau'. arot latls ok rerj >-aiMlslor)ex mol i ong)oiiteiftU‘i» ; 

3, tw(( \olcai)ic ii<Kk>. maikiii,; llic Hite'* «.f eriiplix*' >>k»h. 4. |'p|><>r <H>I It'-cJ SmulHlotie, wittia 

\oll aine /olji' lie II it> t»aKe 

TiJia sul«li\ision is well d«Hdo|»c(l in Cetitial Seotland (fife, l.othiaiiH, lierw irkHhite, 
Ayrshire), when* it foiins the ooiiforniahle base o I the Uatbonifeious h\sH iji and Jiea 
tniiHgiessively *111 oKhr foniiation.s. In the mirth of Seotland, along the lowlands 
bor'l' ling the Moray Kirtli, yellow and ie*l .s.in<lst<-neH. containing clmiacteristn’ lJpp»*r 
Old Red S.md-jtone lishes, an' well de\«lop«<l. In tin mland ol Hoy (Ojkne>) they 
eaii Im su'ii to he iiiieoiifornmbiy on the Uaithm v. Ilugn and to jm hide some inleiealnl* d 
(lialiane and tulf, wliidi mark the <tnh known \oi*anic e|*isodc in Itje I’pjm ()ld Red 
SamlsHinc of England or Seotlaml ^Fig. 3M»'. In thevij mntiiein ti.ol', (he sanio 
relation a.s in the central eonntie.s i'* thus tiaciabl*' latueen the two divisions of the 
system. ‘ 

In tin; north of England .sandstones .tml * ongloineiate.s lej.r* periling the oidinary 
typo of the Upjicr Old Red .Saiidstono emerge lioin nndeineatJi tin. ('arlmnifcrous 
formations, and lie unc<iiiforiiMbly on Siluiun locks ainl Lower Old Red .Sand.-.toin:. 
Some of the bieiciaU-d con gloiiiei ales liav'* much resemhlam e t«» gla* iul detritus, and it 
was .suggesUHi by Ranibay that tiny ha\e, heioi eonmiteil with conteni|)oiain;ouR ire- 
.i'tion.- Sm li an the hreerias of the L'lmniermuir HilN, ami tfione which show 
themselves lien- ami tiicrc from under the overlying mass <>f ('arlMinifeions stiaU tliat 

* A, li., Tiuns. liny, .Stj,:. \xviji. p. i * An* lent VoIcAiiotrs of (iitsit 

Britain,' i. p. .350. 

•* The examples of supfiosod glacinl Kln« on the j*«-)»l»l«-s in Ule^e bnnias may la* merely 
frictional markings roniiuctod with faults or iiiUinal luoscments of the xfuks. But tlp- 
foroi,s of the jiebhlcs, their moraine- like unatratificd f#r nidely.stralifnsl acciimiil.'ition, and 
the occurrence of aggregated lumps of breccia in the ndilst of fine xamUlone strongly reiniod 
one of the Laindiar features of true glacial deposits. (’pm|iari' H. Reus* h, on Minila evidence 
from the Palieozoic rocks of Norway, A'oz-ye# f'w«/c*jrvy. Aart'fj, I8yi, auii A. .Stiahan 

Q. J, 0. S. liii. (1897b p, 137. 
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flank the Silurian hills of Cumberland and Westmoreland. Red conglomerates and 
sandstones appear interruptedly at the base of the Carboniferous rocks, even as far as 
Flintshire and Anglesey. They are commonly classed as Old Red Sandstone, but 
merely from their position and lithological character, no organic remains having been 
found in them. They may therefore, in ])art at least, belong to the Carboniferous 
system, having been deposited on different successive horizons during the gradual 
depression of the land. In South Wales and the border coiuitief, of England, as 
already stated, the Carboniferous series passe-s down conformably into the Upijer Old 
Red Sandstone, which cannot at present be seftsratcd from older jMirts of the system. 
In Devonshire, at Barnstaple, Pilton, Marwood, and Baggy Point, certain sandstones, 
shales, and limestones (already referred to in the account of the Devonian rocks) 
graduate upward into the base of the Carboniferous system, and ap|)ear to lepresent 
the Upper Old Red Sandstone of the rest of Britain. They contain land-plants and 
also many marine fossils, some of which are common Carboniferous forms. 

The Old Red Sandstone attain.H a great development in the south and south-west of 
Ireland. The thick “ Dingle-Beda" and “Olengarifif grits" iwss down into Upper 
Silurian strata, and no doubt lepresont the Lower Old Red Sandstone of Scotland. 
They are succeedetl in Kony by red sandstones wliich cover them uin onfonnably, and 
fescmble tlio ordinary Upiier Old Red Sandstone of Scotland. In Cork and the south- 
east of Irelattd they are followed by the pale sandstones and shaly flagstones known as 
the “ Kiltorcan beds," with apparently a perfect confoiinahility. The Kiltorcan beds 
(which jMi.ss up conformably into the Carboniferous Slate) have yielded a few fishes 
{BothriolepiSt Coccostem, G/ijjito/epis), .some incro-stomata (Bclinunis, Ptrrijijutus), 
the uiiio-iike Amiujeniti (AnodoiUa) Jukesii, and a number of ferns and other 
land-plants [Archmoptt'rin, Sphenojtieris, Sagi'/utria {Cpclostiijmit), and those described 
under the name of Knorrin).^ 

Norway. Arctic Regloni. - -On the continent of Europe tin* Old Red Sandstone tyjic 
can hardly be said to occur, f^wie onthw-s of red .sandstone and conglomerate ( j». 1009) in 
northern and western N oc v/ay reach a thickucs.s of 1000 to 1200 feet. Xeur Chiistiania, 
they follow the Silurian strata like the Old Red Sandstone, but as yet have yielded no 
fwwlW, so that, as they pa.s.s up into no younger formation, tlieir geological horizon 
cannot he corUinly fixed. The Devonian rocks of Rn.s.sia have licen above icferreii to 
as presenting a union of the two typs of thi.s part of the geological series. Tin* 
extension of the land of the Old Red Sand.stone period, with its cluiiacteiistic tlnia. far 
north within the Arctic circle w indicated by the discoveries made at Bear 1. si and 
(lat. "O'* 30' N. ) between the const of Norway and Spitzliergcn. Ceitain seams of coal 
and coaly shale occur at tliat locality, underlying beds of CarbonitVroiis Limestone and 
overlying sonic yellow dolomite, calcnrcou.s shale, ami red shales. They were a.ssigned 
hv Ilecr to the Carlioiiiforou.s series, hut were regarded by Daw.soii os Devonian. They 
may bo corrclatc<l with the Up^ier Old Red Sandstone of Britain. Of the eighteen 
Bi>ecio8 enumerated by Heer, only three w'ere stated by liim to be peculiar to the 
locality, W'hile among the others were some widely -dilTuseti forms: Asferoctihmifrs 
9 Crt)bii'ulatns ( - Calmnitts radiatiut, C. transitionin), Archaoplfris rocmcriuna, Sphfnupteris 
Schimi>cn, Cardio^dtris frondtm, Li'pidtMh'ndrm trUheimianum, Jloro recently otlicr 
forms have been founil, including the characteristic fern ArchftoptfrU hihrniiea and a 
few other s|>ecies, Bofhrtxlt'ndnm kiltorkciufe, 8|>ecies of Cephafothrm, Cyclosliffina, 
Knorria, JfocnWtn/: i/o, fit ridarachis, SphrnopUritiium, Stiymtria, &c., together with 
till' tv'iacal genus of Up[»er Old Red 8and.stone fish, 

‘ Profe-ssor Hull, J. G. A. xxxv. xxxvi. ; Trans. Roy. IhtUin Sor. (new ser.) i. p. 135 
(1880) ; Ktplauaticns i\f the Qct^. Aurv<y, Jrfland, sheets 167, Ac., 187, Ac. J. Nolan, 
Q. J, a. S. 1880, p. .*529. Kiuahau. Trans. Sik. fWni. 1882, p. 152. The south of 
Ireland formed another of the basins in which the liower Ohi Red Sandstone ws*: accumulated. 

" Heor, Q, J, G. A. xxviii. p. 161. Dawson, op. nf. xxix. p. 24. A. Nathorst, *Zur 
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Still farther north more complete evidence of the northward extanaion of the Old 
Red Sandstone has been found in Spitxbergen, where both the Lower and Upper 
divisions of the system are represent^ by their charaoteristio fossils. The Lower 
section is marked in the red micaceous sandstones and comstones of Dickson Ray by 
the occurrence of Ptmupis, Ctphnla»pif, Acaniha$fns^ and otlier genera, while the 
Upper is indicated by the strata of timers Valley, containing PttammoUeui^ Atttraplax^ 
OniKhodw and teeth, scales, and plates, which mav be referable to }folo}4ifehiu4, ^uri- 
pterHs, and other forms.* 

Vorth America. — It ia interesting to observe that in North America representative! 
occnr of the two divergent Devonian and Old Red Sandstone ty]>ea of £uro|>p. Tl»e 
American Devonian facies has already been referred to. On the eastern side of the 
ancient pre-Uambrinn and Silurian ridge, which, stretching southwards from Canada, 
sepal ated in early Palaeozoic time the great interior baaiu from the Atlantic slo])e8, we 
find the Devonian rocka of New York, Pennsylvania, and the interior reprcscntei) in 
New Hrunswick and Nova Scotia by a totally dillerent series of dcjtosits. The ('ontrast 
strikingly recalls that presented by the Old Red Sandstone of the north of Scotland and 
the Devonian rucks of North (ierinany. On the south side of the St. Lawrence, the 
coast of (iasjh'* alums pK’ks of the so-called “QueW group" nnconfonimbly overlain by 
grey limestones with green and red shales, attaining, acconling to Lt>gan, a total thick- 
ness of aljoiit *2000 feet.'* and in some bands replete with Upper Silurian foaails. They 
are conformably followed by a >a.st arenaceous heries of deposits teriiu'd the Oas^ Sand- 
stones, to which the <areful measurements of Logan and his ((dicagues of the (]anadir.n 
Geological Survey assign a depth of 7036 feet. Thi.s fitrmation consists of /^ey and 
drab-coloured ihindstones, with occa.sionaI grey shales and bands of massive con- 
glomerate. Similar rocks reajipar along the southeni coast of New Hrunswick, where 
they attain a depth of tb'iOO feet, and again on the o{i|M)site side of the liay of Fundy. 
The, researches of Sir J. W. Dawson, already referred to, have made known the remark- 
able flora of these it>cks.* Some of the aarae phirits are .said to occur in the Devoniati 
roi'ks to the west of the Arch«*an ridge, and thua to atford a presumption of the con- 
teinjKuancity of the dcpisits on the two aides, Aaaociated with the vegetation are the 
rorimins of insects, niyria]>od.s, arachnoids, and a bcorpion, together with two species of 
land-snails. In recent years a considerable number of fossil fialiea have been obtained 
from two localities in New Hiunswick, which iii<»ve beyond (question that the rocks 
containing them represent the Old Red Sandstone of Eurojs*. In the lists, os published, 
there is a commingling of both J,K>wer and Upjier forms. From Campbellton, at the 
liead of the Bay of Chaleur, have been olUaiiied CephaUtnjm (two ajieries}, Phlycttenmpin, 

lalao/uLsrhfii Flora der arktischen Zone,’ Arfnsk. VH. Ahtd. Handling, xxvi. No. 4 (1804) ; 
'Zur oherdevonischen Flora v<»n Bdreii- Intel,’ op. nl. xxx\l. No, 3 (11)02); Jiu/f. Gfol. Inst. 
Vpsnla, No. 8, iv. Part li. (1899). 

* E. K.'iy J^iikester, Svensk. Akud. Handiinff. xx. (1884), No. 9. A. S. Wooilward, Ann. 
Atoji. ynt, Husf. viii. (1891). 

- ‘Geology ot Canada,’ p. 393. The probable limits of the lake or lagoon in which the 
Oneouta sediments were laid down (with their £$thrrm mrmbrnnacea and Amnigenia, 
cutgkiHfnsijt) are lieing traced by some of the geologitts of New York State, who have 
suggested ft connection tietween that sheet of water and the lakes of Nova Scotia and 
(iftspr. Papers by Messrs. J. M. (larke, E. 0. Ulrich, and f’. Schuebert in recent BuU«tin$ 
of the New York State Museum (1900-2). 

3 “ Fossil Plants of the Devonian and Silurian Formations of Csnatla,’’ f/eof. Sunt. Canada^ 
1871. There appear^ however, to be tome difference of opinion at to the stratigraphkal 
position of some part at lea'll of the flora which is found at Kt. John, New Brunswick. 
Regarded by Dawson and others as undoubtedly Devonian, it has more recently been 
claimed as Carboniferous, and the strata containing It to be the equivalents of the Rivers- 
dale series of Nova Scotia. Hie J. F. WliitMves, Addrem to Sect E, Antr. Auoc. 1890. 
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iJijTaeanthun^ Cheimcanth%t.% AcanOmles^ Protoiliis, Diplodvs, togctlier with JPitilophyton, 
JrthjrjiUiyitM, Lr^ophlmm^ Cordailcs, and I*rotota.rUcs. This assemblage reaembles 
that of the Caithness flags. From Scaunicnac Hay eoriies another species of Cqfhalaspig, 
also AcaiUliodfs, Jiothriolcpis, Scattmenacia {PltaiiA'ropiPuron), Olyjtlolepis, and Eiutheno^ 
pfprem (allied to the Tristii/utpUrus of Caitlincss). Here Cephalaspis, which in Euroiie 
is a characteristic genus of the older jiart <d‘ the system, is placed with Mothriolfpis, 
which is only found in the younger part. Some more detailed stratigmphical research 
in this region would seem lo he dosirahle.' 


Section iv. Carboniferous. 

5^ i. (ffiioral Ch;ii‘;ict(5is. 

This great system of rocks hits received its name from the seams of 
coal which form one of its distinguishing characters in many imrts of the 
world. Hoth in Europe and Ammica it may ho seen passing down con- 
formably into the Devonian and Old Ued S;vndstonc. So insensible indeed 
is the gnidation in many cottsecutive .stations where the two .sy.stems 
join each other that no sharp line ean tliere he drawn Imtween them. 
This stratigraphical passage is likewise frequently associated with a 
correspondifig commingling of organic reniain.s, either by the a.scent of 
undoubted Devonian species into the lower parts of the Carhonifenms 
Bcdos, or by the af>pearance in the Upper Devotiian beds of species which 
attained their maximum development in Carboniferous times. Hence 
there cati be no doubt iw to the true place of the Carboniferous system in 
the geological record. In some phu'cs, houevi'r, the higher members of 
this system are found resting umoTiformahly upon Devonian or older 
rocks, so that loc;d disturbances of eo]isiderai)le magnitude occurred be- 
fore or during the Carboniferous period. It is deserving of notice that 
Carboniferous rocks are very generally arranged in basin-shaped areas, 
many of which have been wholly or jurtially overspreatl unconformably 
by later fortnutions. This disjmsition, so well seen in Europe, and 
particularly in the central and western half of the continent, has in some 
cases been caused merely by the plication and suh8C(|uent extensive 
denudation of w hat were originally wide continuous .sheets of rock, as 
may be observed in the Eritish Isles. But the remarkable small scattered 
cofU-basius of France and Central Oerntany were probably from the first 
isolated areas of deposit, though they have suffered, in some cases very 
greatly, from subsctpient plication and denudation. In Russia, and still 
more in China and western North America, Carboniferous rocks cover 
thousands of square miles in horizontal or only very gently undulating 
sheets. 

RotJKS. — The materials of which the Carboniferous system is built 
up differ considombly in different regions ; but two facies of sedimenta- 
tion have a wide development. ’ In one of these, the marine tv|)e, lime- 
stones form the prevailing rock.s, and are often visibly made up of 

* 8«e the Address of Mr. Whiteaves jiwt cit«!, and the references there given. 
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organic remains, chiefly encrinites, corals, foraminifera, and mollnsks 
According to Dupont’s researches in the Carboniferous limestone ol 
Belgium there are two main types of limestone: (1) the massive lime 
stones formwl by reef-building corals and coralloid animals, and disjMjsec] 
in fringing reefs or dispersed atolls, according to th^ir nearness to oi 
distance from the coast of the time ; and (2) the detritic limestones, mainl}' 
consisting either of an aggregJition of eriTioid stems or of coral rkM>riK, 
and often stretching in extensive sheets like sandstone or shale. ^ ^ The 
lime-stones of l>oth tyj)es assume a comiMict homogeneous character, with 
)>lack, grey, white, or mottled colours, and are occ4isioiia11y largely 
quarried as marble. Local developments of oolitic structure occur 
among them. They also as.sunic in some places a yellowisli, dull, finely 
graniilar as{)ect arul more or less dolomitic com|H)sition. They occur in 
beds, sometimes as in Centnil hlngland, Irelaiwl, and Belgium, piled over 
each other for a depth of htindrc^ls of feet, and in UtJih for several thou- 
sand feet, with little or no intercalation of other material than limestono. 
The limestones frequently trontain irregular in^lules of a white, grey, or 
black ilinty chert (phUuiite), which, presenting a close resemblance to the 
flints of the chalk, occur irt certain beds or layers of rock, sometimes 
in numbers suttieienl to foruj of themselves tolerably distinet strata.* 
These eoncrcti(jns are associated with the organi.sms of tin* rock, some of 
which, completely silicifie<l and beautifully preserved, may l>e found im- 
bedded in the chert. Dolomite, usiially of a dull yellowish colour, 
granular texture, and rough feel, occurs both in beds regularly inter- 
stratified with the limestones and also in broad wall like masses running 
through the limestone.*!. In the latter cases, it is evident that tlio lime- 
stone has been changed into dolomite along lines of joint ; in the former, 
the dolomite may bo due to contemporaneous alteratioji of the original 
calcareou.s deposit by the magnesian stilts of sca-wakw, as already explained 
(pp. 426, 530). Traced to a distfuicc, the limestones are ofterj found to 
grow thinner, and to be separated by incrca.sing thicknesses of shale, 
or to IxH'OTue more and more argillaceous and to pass eventually into 
shale. The shales, tfx), arc often largely calcareous, and charged with 
fossil.s ; but in some places assume dark colours, become more thoroughly 
argillaceou.s, and contain, besides airbonaceous nmtkT, an impregnation 
of pyrites or marcasite. Where the marine Carboniferous ty|>f* dies out, 
the shales may pass into coal or ironstone, associated with s^indstoncs and 
clays. In Britain, abundant contemporaneous volcanic rocks are pre- 
served in the Carlioniferous Limestone series. 

The second facies of sedimentotion points U) deposit in shallow 
lagoons, which at fii-st were repleimhe<l from the sea, })ut afterwards 
appear to have been brackish and then fresh, or in lakes into which 
coarse and fine detritiLS as well as vegetation and animal rem^pns were 
washed from neighbouring land. The mewt abundant strata of this ty|)e 
are sandstones, which, presenting every gradation of fineness of grain up 

‘ ^u//. Acad. Roy. Bdg. (3) v. 1883, No, 2. Bee»liiothv> pspeni on reef-knolls by Mr. 
Tuldemau, cited p. 1041. 

> Renard, BvU. Acad. Roy. Btlg. (2) xlet. p. 9. 
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to pebbly grits, and even (near former shore-lines) conglomerates, are 
commonly yellow, grey, or white in colour, well -bedded, sometimes 
micaceous and fissile, sometimes compact ; often full of streaks or layers 
of coaly matter. Besides the existence of pebbly grits and conglom- 
erates pointing to shallow water and comparatively strong currents of 
transport, there occur in different parts of the Carboniferous system 
scattered pieces and even blocks of granite, gneiss, quartzite, or other 
durable material which lie imbedded, sometimes singly sometimes in 
groups, in limestone, sandstone, and in coal. Various explanations have 
been proposed to account for these erratics, some writers having even 
suggested the action of drifting ice.^ The stones were most probably 
transported by floating plants. Seaweeds, like our living Fticus^ with 
their rootlets wrapt round loose blocks might easily be tom up and 
drifted out to sea, so as to transport and drop their freight among corals 
and crinoids living on the l)ottoni. But more usually trees growing on 
the land would envelop soil and stones among their roots, and if blown 
down and carried away )»y storms and floods might bear these with them.* 

Next in abundance to the sandy sediment came the deposits of mud 
now forming shales. These occur in seams or kinds from less than an 
inch to many yards in thickness. They are commonly black and carbon- 
aceous, frequently largely charged ivith pyritous impregnations, sometimes 
crowded with concretions of clay-ironstone. Coal occurs among these 
strata in seams varying from less than an inch up to several feet or yards 
in thickness, but swelling out in .some rare e.xamples to 100 feet or more. 
A coal-seam may consist entirely of one kind of coal. Frequently, how- 
ever, it contains one or more thin layers or “partings” of shale, the 
nature or quality of the seapi being alike or different on the two sides of 
the parting. The same seam may lie a cannel-eoal at one part of a 
mineral field, an ordinary soft coal at a secoml, and an ironstone at a 
thinl. Moreover, in Britain an<l other countries, each coal-seam is 
usually underlain by a bed of fire-clay oi- shale, through which rootlets 
branch freely in all directions. These fireclays, as their name denotes, 
are used for potteiy or brick-making. They appear to be the soil on 
which the plants of the coal grew, and it was doubtless the growth of the 
vegetation that deprived them of their alkalies and iron, and thus made 
them industrially valuable. In the small coal-basins of Centnil France 
the coal is dispersed in kinks and isolated veins all through the Carboni- 
ferous strata. Clay-ironstone occurs abundantly in some coal-fields, 1x>th 
in the form of concretions (spha^rosiderite) and also in distinct layers from 
less than an inch to eighteen inches or more in thickness. The nodules 
have geiiei'ally lieen formed round some organic object, such as a shell, 
seed-cone, fern-frond, Ac. Many of the ironstone beds likewise abound 
in organic remains, some of them, like the “ mussel-band ” ironstone of 

* For remarks on the climate of the Carboniferous period see postea, p. 1019. 

^ For accounts of these travelled stones in Carboniferous rocks see especially D. Stnr, 
Jaht^. Rriehaanat, xxxv, p. 618, and the authorities cited by him. W. S. 

Orealey, fW. Mag. 1985, ]>. 553 ; V- xbH- (1887), P- 734. V. Ball, <y. cil. xUv. 

(1888). p. 371. 
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Scotland, consisting almost wholly of valves of Anthracotia or other shell 
converted into carbonate of iron. 

The mode of origin of coal cannot be closely paralleled by any modern 
formation, and various divergent views have been expressed on the sub- 
ject There seem to have been two distinct modes ot accumulation : (1) 
by growth in situ, and (2) by drifting from adjacent land. It is possible 




FIk. 3h<i.— Carboniffrou* Corala. 

a/Zaphrentia cylindrica, Seoul.; f/, LlthohtroUon Juiiceuin, Klein ; fci. Do. maffttiflnl, trmniverM Motion ; 
6®, Do. magnified, longitudinal Motion ; e, Uthoatrotloii I’ortlocki. Milne Edw.; c>, Do, calyt mog* 
nlfled ; d, Cyathophyllum Stutchburyi, Milne Edw.; r, Utboatrotlon bMaltifonne, Phill., ap. 

that in some coal-fields both these processes may have been successively 
or simultaneously in operation, so that the results are commingled. 

1. In those cases where the evidence points to growth in st/u, the 
coal-seams have been laid down with tolerable uniformity of thickness 
and character over considerable areas of ground, and they now appear as 
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regular layers intercalated between sheets of sediment, and for the most 
part rest on fireclay or shale, into which roots and rootlets may fre- 
(juently bo seen to ramify as in the position of growth.^ The nearest 
analogy to the^e conditions is probably furnished by cypress swamps,* 
and by the mangnivc swamps alluded to already (p. 609), where masses 
of aiborcscent vegeUtion, with their roots spreading in salt water among 
marine organisms, grow out into the sea as a belt or fringe on low shores, 
and form a matted soil which adds to the breadth of the land. The coal- 
growths no doubt also flourished in salt water ; for such shells as Aviculo- 
jtecten and Oonuttit^s are found lying on the coJtl or in the shales attached 
to it. hkch coiil seam represents the accumulated growth of a period 
which was limited cither by the exhaustion of the soil underneath the 
vegetiition (as may be indicated by the composition of the fire-clays), or 
by the rate of the iiitermittcnt .subsidence that affected the whole area of 
crjalgrowths. Though the vegetation in these coal-fields may have 
grown as a whole in situ, there may also have been considerable trans- 
port fd loose leaves, branches, trunks, &c., after storms, and also during 
times of more rapid subsidence. From the fact that a succession of coal- 
seams, supposing each to represent a former surface of terrestrial vegetation, 
can be seen in a single coal-field to extend through a vertical thickness of 
10,000 feet or more, it is clear that the .strata of such a field must have 
l>ecn laid dowm during prolonged and extensive subsidence. It has been 
assumed that, besides depression, movements in an upward direction were 
needful to bring the submerged surfaces once more \ip within the limits 
of plant growth. But this would invidve a piolonged and almost incon- 
ceivable sea-saw oscillation ; and the assumption is really unnecessary if 
w’c 8upiK).se that the downward movement, though prolonged, was not 
continuous, l)ut was marked by i»uses, long enough for the silting-up of 
lagoons and the spread of cotil-jungles.* 

That the vegetation actually grow on the .spot where its remains are 
now found is further shown by the succession of platforms of vertical 
tree-trunks standing in their positions of growth and with their roots 
branching freely in the .sediment on which they had sprung up. In these 
instances there may be no coal se.im, as, on the other hand, there arc vast 
numbers of coal-seams without the accompaniment of vertical stems. 
The St. Etienne coalfield displays a succession of these forests, and in 
that of Nova Scotia Dawson enumerated no fewer than sixty-eight, one 
alwve another. Grand' Kury has shown that it was not merely one genus 

' For argiiiiients in supiHirt of the view th«t coal was formed of plants m »Uu see Logan, 
Traus. Oeol. S(k. vi. (1842), p. 491. NewWrry, Amer. Jovrn. Sci. xxiii. (1867), p. 212 ; 
‘Oeol. Snrv. Ohio,’ vol. ii. (Jeology, p. 125 ; ScAind of Hfinat Quarterly, New York, April 
im. OUmlx-l, Sitsb. liayn. Akad. 1883. W. a Gresley, Otol. 1901, p. 29. C. E, 
Bertrand and B. Renault, Ckmjd, rend. c.\'vij. (1893), p. 539, where evidence is given of the 
formation of “ boghead ” from algse. The origin of coal formetl the subject of a diacnasiou 
at the British Association in 1900, Reporf, p. 740. 

* For an account of the submerged lands (Dismal Swamp) of the Mississippi, see Lyell'a 
Second Visit to tho United States,’ chap, xxiiii. 

^ See a statement of the oscillation theory as far back as 1849 by M. Virlct d'Aoust, 
B. S. 0. F. (2) Vi. p. 616, 
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or group of trees that had this aquatic habitat, but that all the more 
important arborescent plants actually live4 in 8wum|)8 or shallow water 
with their roots in the sand or mud of the lKitt4)m. — Sfitniuirw, 
Sijringod^inimiy Stigmarbpsiiy Sigilltirui, Coltunitfn, CtiUiumietuhan^ tn*e-fern.s 
(PsLirmius, Aul<\copteri% &c.), and Vonlmitii} 

2. Those who advocate the view that most coitl-seams have resulted 
from the deposit of transportwl vegetjition |M)int to the evident stratifica- 
tion of the coal and to the intercalation of thin scams or laminie of shale 
in the seams. Cotil piissos laterally into shah* and ironstone, sometimes 
even into dolomite.^ J^Iorcover, the reseaifhes of (1 rand’ Eurv, Eayol, 
and others in the small coal-hisiris of Centml Frjuice have shown that in 
these regions much vegetable matter was washed tlown from adjacent 
land.^ The cruil is irregularly distHbut<*4l among the strata, and it is 
associated with beds of coarse detritus and other c\idence of torrential 
.'ictioii. Numerous trunks of calamododendm, sigillaria*, and other trees 
imbedded in the sandstones and shales vertically and at all angles of 
inclination l>car witness, like the “ snags ’ of the Mississippi, to the 
currents that transjx>rtcd them. The basins in which the accunnilated 
detritus and vegetation were entombed seem to have been small, but 
sometimes comtMirativcly deep, lakes lying on the ancient crystalline 
rocks that formc<l an uneven lan<l*surface during the ( Vrlxmifcrous 
period in the heart of France. But there is evidence, even in these 
basins, of the growth of coal plants in si/u, and of the gradual subsidence 
of the alluvial floors ou which they took nxit. Grand’ Kury, in studying 
the tree trunks with their roots in place on many successive levels in the 
coal fields of C’entral France, has ascertainiMi that these trees, as they 
w'ere enveloped in sediment, pushed out rootlets at higher levels into the 
silt that gathered round them. 

It would thus appear that no one hypothesis is universally applicable 
for the explanation of the origin of coal, but that growth ou the spot 
and transjKirt fiom neighbouring land have both in different regions 
contemporaneously and at successive periods come into play. 

In this place reference may most conveniently he made to the probable 
climate in which these geological changes took place. The remarkable 
profusion of the vegeUition of the (.'arhoiiiferoiis not only in the 

Old World but in the New, suggested the idea that the atmosphere was 
then much more charged with carlmnic acid than it now is. Undoubtedly 
there has been a continual abstraction of this gas from the atmosphere 
ever since land-plants began to live on the earth’s surface, and it is 

^ See his KericM of pA{)er8 in the CWi/j/. reti//. for 14lli June 1S97 and April to July 
1900 ; Cotnpf. rnuf. Vomjrfs Qiol. Inienml, Parh, 1900, p. 520. 

* A, Strahan, V- J- Ivii. (1901), p. 297. 

* For the detriUl oriiqn of coal, aee Grand’ Eury, .!»//. Minm, ISSi (i.), pp. 
99-292 ; Mm. S. if. f \ 3« avr. iv. 1887 ; ‘ Geol. et Paleontol. du baanin llouiller du Gard/ 
1891 ; Comjit. rend, exxiv. (1897), exxx. (1900). Fayol. ‘^tudea «ur le Terrain Houtller de 
Commentry,’ Part 1 ; BvU. Soc. InduMrie Min. fc-r. 2, eol, xv, and Atlaa (1887) ; B. B. 
O. F. 3* air. xviL (1888). B, Renanlt, ‘ Flore Fotaile de Commentry,’ BuU. Boe. Hut. Nat. 
eFAxttun (1891). A. de Lapparent, Her. .Sr»>w. July 1892. 
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allowable to infer that the proportion of it in the air in Palaeozoic 
time may have been somewhat greater than now. But the difference 
could hardly have been serious, otherwise it seems 
incredible that the numerous insects, labyrinthodonts, 
and other air-breathers, could have existed. Most 
]>r()bably the luxuriance of the flora is rather to 
i)e ascribed to the warm moist climate which in 
C’arboniferous times appears to have spread over 
the globe even into Arctic latitudes. On the other 
liani evidence has been adduced to support the 
b view that in spite of the genial temperature indicated 
by the vegetation there were glaciers even in tropical 
and sulhtropical regions. Coarse boulder-conglomer- 
ates and striated stones have been cited from 
various parts of India, South Africa, and Eastern 
Fik. 8oi.-(iirboniforou« Australia, as evidence of ice-action. These will be 
crinoia. particularly noticed farther on. 

t-he two facies of sedimentation 
of Htem ; ft, portion* above described has its own characteristic organic 
oftheBtem; c.oneof thfl typgg the One series of Strata presenting us chiefly 
centr»i carwi. With the fauna of the sea, the other mainly with 

the flora of the land. 

I. The Marink fauna is specially rich in crinoids, corals, and 
brachiopods, which of themselves constitute entire beds of limestone. 
Among the lower forriis of life the Foniminifera are well represented. 
The genera include Saccammina^ Endothji'a^ Vnlndiun, ('Hmimimmina^ 
SUicheia, Lagenay Nmlomnay Texhilariay Jrch/ediscu.^, Ftufulimi. Some of 
these genera exhibit a wide geographical range ; Stuw mini nay for example, 
forms beds of limestone in BriUiin and Belgium ; Fnsnlina plays a still 
more important part in the Carboniferous I.iniestone of the region from 
Kussia to (’hina and Japan, as well as in North Americ.i ; while a 
species of ValvnUmi {f\ jmlieotrochu^i) extends from Ireland to Kussia 
on the one side and to North America on the other. As already noticed, 
species of organisms, with a wide geographical extension, have also a 
long goohigical range, and this is more specially exemplified in such 
lowly grades of existence as the forarainifera. The form named 
Trochavimimi iiu'erUi, for instance, is found through the whole C-arboniferous 
Limestone series of England, reappears in the Magnesian Limestone of 
the Permian system, and occurs not only in Britain but in Germany and 
Kussia, while Samtmmina is a still living genus.^ Kadiolaria are 
extremely abundant on some horizons in the Lower Carboniferous 
formations, where they form layers of dark chert and occur also in soft 
grey sl^ales. Thus the Lower Culm of Devon and C’ornwall has yielded 
twenty-throe genera, seventeen of which are common to the Culm of 
Germaiiy, Sicily, and liussia.* The existence of -Sponges in the Carbon- 

' H. B. Brmly, ‘Monojpraph of Carboniferous aui\ Permian Foranniiifera,’ Palcccnlog, 
Soc. (1876). 

* G. J. Hinde and H. Fox, V- O. S. U. (1895), pp. 609-668. 
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iferous seas is shown by the occurrence of siliceous sjncules, more rarely 
by entire specimens,' anti by early types of the calcareous pharetrones 
and sycones. Corals (Fig. 390) are represented by tabulate (MiMima, 
AnlojxfKt, ChladfAwhUit^ Ch^teln\ especially prominent as a reef builder, 




•i 

Tig. '-CiirtHiiiif, u.uH ilnM'liioix 

o, Si(irif«*r)iia M‘f'<n ; h, >jiirif»>r Mjhtt.N, intriior of JorwU \ah<>, hhowliif; mjmihI ralrArrotis 

auiiiMjJtt for tl.<* (Oula'.inn) IwNtat.i, Sow , «/, I'l'KliuiuN giptnlJ‘iiK, Murliri (i). 

and the ancient and waning genus F(tv<ti>i(rs), and still more by rugose 
form.s {Ampkrim, Zaphrndis, CyatJiophfflhmi, yiulophylhnn, (flidiiphylhnn, 
Litlwstrotian, LoimMAu^ rhiUipsadrien). Among the EclinuMlerms, which 



n h 


Fig. 39.3.— CarVKvnifcrouti ljiini*Uiln-aitrbH. 

tt, CooocArdiuni aliformc, Sow. ; h, Avtcuiopecti>ii (Htr>^hlupl«ri«‘0 I'lilll., 

uliowiiig colour -bdiiitH. 

were abundant and varied, the sea-urchins were rcpresentcfl by 'Arrhxa- 
eidariSy Perischodomus (Kuninckocidaris)y LepidfKuhriSy Palmrhimsy and 
Mehnechinus (Melonites). The blastoids, which now took the place in 

* As in the Panmatitts from Yorlwh’irc, detcribed by I>r. Hiude, f,>. J, O. S. lii. (1896), 
p. 438. 


1022 


STSAmniPBZcjt 

Carboniferous waters that in Silurian times had been filled by the 
cystidoana, attained their maximum development, nineteen genera and 
upwards of 120 species liaving been found in the sub -Carbon if crons 
group of North America (Pentremites, Cadaster^ OrbUretniieSy &c.). But 
it was the order of crinoids that chiefly sw'armed in the seas where 
the (’arboiiiferous Limestone was laid down, their separated joints now 
mainly composing solid masses of rock several hundred feet in thickness. 
Among thi'ir most conspicuous genera were Plati/crinus, KvdadomnuSy 
J)irhon-ifns,JdinoninH,% Jiuiocrinus, Iih(Mlomnus, Bekmnomnus, Cyathocrinvs^ 
(Fig. 391), PoUriorrinu.% H^'aMhMrmn.% and I'axocrinuii. Tubicolar Annelids 



<> I, 

Ki;;. J.M. CutbuiiiriTOUs (iast.-unKMls 

(I, EiKiiiiiiJuiluH |)('»tiiiinulHtus, S.JW. ; b, I’leiirotoinai m c.-innata, Sinv , mIkiuhij; I’lilour-liatuls. 

abounded, sonio of the species l>cing solitary and attached to shells, corals, 
A'c., others occurring in small clusters and sonic in gregarious masses form- 
ing bods of limestone {Spirorhis, SnpuUtfs, Odoiiia). Free-swimming forms 
are represented by detached jaws and toothed plates,^ and hy abundant 
burrows and trails among the sedimentary strata, jflryozoa abound in 
some jHirtions of the Carlionifenms Lime.stone, whieh were almost entirely 
comjioseil of them, the genera Pnu-Mdhiy Phvmhopora, Polt/pmi, J rchinirdt\% 
T/titmnis('us, and Pinuntoporn {(rhiucomniit') being frcipient. 

Of the Hrachiopods (Fig. 3J>2) some of the most common forms 
are Pmlurtus (a eharaeleiistic genus), Spirifer, lihijnchmella {Pxiptiax, 
Hf/pothuria, Ae.), .Hhyrh, Oumeiea, ihihis, 7Welra(uIa {JHdastna)^ 
Jjcpltrnit, Dfibpii, Lyttonia, Linpuht, Orbiculoidcn {Idmmi), und Crania.- 
There are species that appear to range over the whole world, such as 
Protlndn.> srmirdin(Iaiiu<^ ('oMafn.% lonijhpinus, pndtihm.'i, rora, aaUeatus, 
undtitas; OrthotJides {lStirptar/ii/nrha,<) errnistria ; Spirifer Hneutus, [jlaber ; 
Atliyris glohulam ; and Terrbratuhi (iJidasnia) haMa. Mollusks now 
begin to preponderate over brachiopocls. The Lamellibranchs (Fig. 393) 
include forms of Airu'ulapedrn^ Paddonomya, XumUmi (Lcda), Xvetda^ 

’ C?. J. Huulc, V- 'XXV. 1 », 370, 386 ; xxxvi. pp. 368 : !ii. p. 448. 

Priniucfiu is almo.st wliolly (’arbomferou.s nml iu the .species P. (ftt/anffus (Fig. 
392, d) •of the CarlKiuiferous Limestone reached the maximum size attained by the 
brachiopndH, individuals measuring nearly twelve inches across. Other genera bad 

already existed a lube time ; some even of the species were of .nucient date — Ortkis resapinala 
of the CarlMmiferuus Limestone and the Devonian 0. striatula and Slrojdtotntna depreasa had 
Burviveil, ai'cording to Oosselet, from the time of the Bala Imls of the Lower Silurian period 
(Gosselet, Eaqpissf. p. 118). 


It f I V ; pdMjsQmwEmm ststsm loss 

SangmnoUteSj Schizodus^ Edrnotidia, Carhmicola (JtUknctim), Anthniconiya^ 
Naiadites, Myalim, Modiolu^ and Conocardium. The Oasteropods (Fig. 394) 
are represented by numerous genera, among which Kuonh 
phaluSy Natux^sis, Murchisonm^ rieMrotomanu^ Macrochilina 
and Loxonema are fretpient. The genus BAlrrophm is repre- 
sented by many species, among wliich B. Urei and B. 
deevssahts are specially common. Another abundant genus 
is Cdnuhiria (Fig. 395), which often attains a length of 
several inches. Of the (>phaloj,)4Kls (Fig. 390) the most 
abundant and widely distrihiUtjd arc forms of (hifuH'tras, 

CyrtocercL^ ActiwKmiJi^ VnUrmeras^ Cuhnautilusy 

Glyphiocnas (Goniatiff’n)^ Gasiriocerns and rroUnimtis. 

The CrusUicea present a hicie.s very tlistinct from that 
of the previous l^ala‘ozoic formation.s. Trilobites now almost 
wholly disappear, only five genera of .small forms of the ri»uic*tA, 8»m 
single family of the Proctida* GrijfithuUii, Bhillipsid, CHrUmifrnmf, 

Brachynu'to}n(,'i) being left. Hut other crustacca are ahun- • 
dant, especially ostraetKis {Bairdia^ ("ij}rrMUna, Gytlinr, Kirkl>t/(tf LepmUtia, 




1 u' ^ < arl»<nnlfr«(if. <V|i1i,i1u|mm1.s 

'I, N.'iutilui»(l>n*ciU‘s) Kui.nickii, , i>, OoiiiuUI<*s I’liilK; », Orlhi»ft*ra» (Hh-.viim, Mail. , 

l.tf.Tftle, I'liill ) 

Bt>yrichiii, <fec.), which < rowd many of the shales and sometimes even 



Kik. 3‘.»7. -OurbonilferwiiA 
Anthnipalifciuou Elhend;;U, iW-h, nat. 


form seams of limestone. Some sehizopod forms arc met with 
(Palmcaris^ Pseudogalaihea^ and a few occur not infrorpiently, particu- 
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larly Anthrapalamon (Fig. 397) and Palmcrang<m (firangopm)} Several 
phyllocarids (Dithyrocans, Cnaiiocam) appear, together with some 
phyllopods {Estfuria, Leak), and with the larger merostomatous 



Kik. 30S.— Carbonlferoua Ichthyodomlite, or Dornal Fish-sijlnp. 

Hphonac&nthuM hylHHloldes, Egerton. 

Euryptfrue and king -crabs {Prestwichui, Belinurus). The Carboniferous 
Limestone of the British Isles has supplied more than 100 genera of 
fishes, chiefly represented by teeth and spines (Psammodus, Cochltodus, 



Fig. 3{n>.--CftrbonifcrouH Flnh. 

Jaw of Ithl/ixJuH Ulbbertl, Ag. '<p., onp-thiiil nat. 


Cludodus, Petiilodu.'i^ Ctomhix, Jthhnlus, Cknoptychius, &c.). Some of 
these were no doubt selachians which lived solely or usually in the sea, 
but many, it* not all, of the ganoids probably migrated between salt and 
fresh water ; at letist their remains arc fomid in Scotland not only in 



Fig, 400.— CHrU)iiiferou8 FNli. 

Eiirynotus cnmatus, Ag., “ CVuiout-8tone'< ” of 8<'otland (aft«r Tr»«|iuir). 


marine limestones, but also in strata full of land-plants, cyprids, and other 
indications of estuarine or fiuviatile conditions. Some of the fishes met 

^ The sup(K»ed Carboniferous Maoruraare now regarded as Schizopoda ; see B. N. Peach, 
Prix*. Rojf. /V»ys. JBrfin. xlv. (1901), p. 370. 
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with in the plant-bearing type of the Carboniferous system are mentioned 
on p. 1031, together with the air-breathers and other terrestrial organisms. 
The Carboniferous system of the United States has likewise furnished a 
large list of fossil lishes. The census given in 1889 by Newberry coni' 
prised nearly 400 species from the Carbonifei'ous Limestone series. 
They were nearly all elasmobranchs, recognisable as a rule only by teeth 
and spines or dermal tubercules. The Coal-measures of America have also 
yielded, as in Europe, a great many ichthyolites, chieHy small tile-scaled 
ganoids allied to PalmniscuSf but a considerable number of larger forms 
of the same order yfemlirhfhi/St C<t'laca7Uhus), together with 

dipnoans (CUnodus) and numerous elasmobranchs represented by teeth 
{Ckuiodus, Jjiplodtis, PModm) or by spines {Ededus^ Vtniminthus, Ortha- 
mnthus)} 

It is deserving of remark that in the marine type of the Carboniferous 
system considerable differences may be observed )>etweon the distribution 
of the fossils in the limestones and shales even of the sanke quarry. The 
limestones, for example, may be crow«led with the joints of crinoids, 
corals of various kinds, producti and otln3r brachio}K)d.s, while the shales 
above them may contain few of these organisms, but aflbrd polyztwi, 
Conularui, horny brachioiiods {Lim/ula^ ihhindoid^ui), many lamellibranchs, 
e8f>eeially jkectens, aviculojiectens, munlas, ledjis, and gasteropokls 
{Pleurukiimiiw, Jjjxonema^ Pelhropfum, Ac.). It is evident that while some 
organisms Hourished only in clear water, such as that in which the 
limestones accumulated, others aboumied on a muddy lK)ttom, although 
some seem to have lived in either sitkiati(»ii, if wc may judge from finding 
their remains indifferently in the calcareous and the muddy dejxksits. 

II. The Ii.\(J()ON phase of sedimenUition, or that of the coal-swamps, is 
marked by a very characteristic suite of organic remain.s. Most abundant 
of these are tlie plants, which jK)ssess a special interest, inasmuch as they 
form the oldest terrestrial flora that has been copiously preserved. 
This flora presents a singular monotony of character all over the 
northern hemisphere, from the K<juator into the Arctic Circle, the saine 
genera, and sometimes even the same 8|X3cie8. appearing to have ranged 
over the whole surface of the globe. It consisted almost entirely of 
vascular cryptogams, and pre-eminently of Ferns, hsjkiisetacea*, and 
Lycoporliaceaa, l>nt with some gymnosperms allied to eyemis and yews. 
The presence of Algae in the crjal-swamps has nr^w been proved by the 

‘ J. S. Newberry, Monograph xvi. (1S89), V.S. (J. ,S. 

^ On the Carboniferoue flora, cohkviU A, Broiiguuirt, 'IVoilroiiied'utie HiKtoirc de« Vt'Kt’taux 
fosaile.s’ 1828 Lindley and Hutton, ‘ Fowil Flora of Croat Britain,’ 18:11-37. C. K. WeUn, 

‘ Fosaile Flora d. juugsten Bteiukohl iin Saar-Rlifin-Ceb,’ Bonn, 18G9-72 ; ‘Die I'lora d. 
Steinkohlen Formation,' Berlin, 1881- Willianisoii’n Memoiri “On tlie OrganiJiation of the 
Planta of the Coal-ineaaarea," Phil. Tram, clxii. (18721, and subsequent voliinies. Zeiller, 
on the Carboniferous flora of ValencienneH, Autiin, ami Brive, in the senev of volumes 
entitled ‘Etudes des Gites Mineraux de la France,’ |>ubliHbe<l by the Ministry of Public 
Works. D. Star, “Die Culm-flora,” vfftAanrf. K.K. Ueol. Heirhsanal, Vienna, viii. (1875). 
Zeiller and Renanlt on Fossil Flora of Commentry, Bull, Indust. M\n. St. jiftenne, 
2 vols. with Atlas, 1888-90. R. Kidston, TVans. R. B, Edin. xxx. xxxr. xxxvii. D, White, 
“Fossil Flora of Lower Coal-mesfons of Missouri,” Mmog. U.S. Q. 8. No. xxxvii. 1899. 
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(l<‘tc('tioii of their i(‘niain8 among the Hediments, and as main constituents 
of Home of the \'ai ieti4‘K <»f eanncl-coiil (boghead). Fungi have also ))een 
detected on tin) le:i\es of tWdaites and other plants. Although the 
platit> of tlie ('arlnmiferous system are rcferalde, in many eases, to still 
living tyj)cs of vegetation, they presented many remarkable difterences from 
these. In particular, sjivt; in the case of the ferns, they much exceeded 

^ in size any forms of the present 

vegetable world to which the}’ 
can be assimilated. Our modern 
hor.se - tfiils had their allies in 
huge trees among the Carlx)ni- 
frrous jungles, and the familiar 
club-moss of our hills, now a 
low creeping plant, was repre- 
sented by tall-stemmed Lepufu- 
ilen^lra that rose fifty feet oi- 
more into the air. The ferns, 
however, present no such con- 
tnist to forms still living. On 
the contrary, they often recall 
modern genera, which they re 
semble not merely in general 
aspect, but even in their eircin- 
nate vernation and fructification. 
With the exception of a few 
tree-ferns, they .seem to have 
lieen low - gl owing plants, and 
perhaps were to .some extent 
epiphytic uj)on the larger vege- 
tation of the lagoons. Some 
of the more common genera 
arc WtacopferiKy Cahjmimtothei'd 
(.hig. 401), SphenopUris (upwards of two dozen of species), Xturopteris 
(a dozen tir more species, Fig. 402 «), Cprloptt ri.% (fdmtopterh^ Marupteris, 
IWuptfris (many .specie.s), Akthopterk (Fig. 402 h)} There occur also 
the stems of tree-ferns {Mnjaphptou, CauJopferh). 

Among the Kiiui.setaceje,- the genus Cdlainifea is specially abundant. 
It usually iK’curs in fragments of jointed and finely -ribbed stems. 
114)111 the joints or n4)4le.s of the .stem numerous branches were given 
nfl, and numerous ro4>tlets proceetlcd, whereby the plants were anchored 
in the mud or saml of the lagoons, where they grew in dense thickets. 
.According to Dawson they sei'm to have fringed the great jungles of 
Sigillarisv, and t4» have acted as a filter that cleared the water of its 
scdimsnt and proentcjl the vegetable accumulations of the coal-swamps 
from admixtuiv with mmhly sediment. To the foliage of Calamites 

* Foi ail ov-^iy on tlio inoi j.hoiogy and classiRoatiou of tin* Carboniferous ferns see D. 

Stiir, Altttl, 117/ »<. Iwwi. 

• (bi t'lirlioniferoiis Cal.iiu.iries rou.^ult WvUn .1/*/*. (»'<•»*/. S^talkarU Pirvaaea, v. 



lOI 4'HilKtiiirciiiiis I'lMii 

I'.ilyiiiiii.itotliica (Siilu'iiopt/'iix) amiiis, I uiui Hutt 
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different generic appellations have been attached (Fig. 403). The name 
Oalamocladus (Asteriphyllites) is given to jointed and fluted stems with 
verticils of slim branches .proceeding from the joints and bearing whorls 
of long, narrow, pointed leaves. Annularui has the close-set leaves 
united at the base. Calamodendron is believed by some botanists to be 
the cast of the pith of a woody stem belonging to some unknown tree, by 
others it is regarded as only a condition of the preservation of Catamites. 
Some examples of the fructification of the calamites have been met with. 
Of these Pothocites has been found attached to AsterocalamiteSf Stach- 
annularia is probably the cone of Anmlaria^ while others, known as 
rolkTnannia, Calamostachys and Macrostachya^ are probably the fructification 
of calamites. Sphetwphyllum is the name given to a genus of plants in 
which the leaves are borne in whorls of six, or some multiple of six, 
and are wedge-shaped. 

The Lycopods (Fig. 404) were distinguished by the leaf-scars on their 
dichotomous stems. Their branches, closely covered with pointed leaves, 
bore at their ends cones or spikes (Lepidosirokis) consisting of a central 
axis, round which were placed imbricated scales, each carrying a spore-case. 
Of the type genus Lepidodendron there are many species ; other genera 
are Lepidophloios, Halonia^ Omphalophluios and Bothrodemlrm. 

Among the most remarkable trees of the fcarboniferous forests were 
the Sigillarias, which are believed to have been akiii to the Lepido- 
dendra. The genus Sigillaria was distinguished by the great height (50 
feet or more) of its trunk, which sometimes measured five feet in diameter. 
Its stem was fluted (Fig. 405), and marked by parallel perpendicular 
lines of leaf-scars. The base of the stem ]){isscs into the roots known as 
Sttgjfiaria, the pitted and tuberculed stems of which are such common 
fossils (Figs. 405 B, and 406). There can be little doubt, however, that 
Stigrnom was a form of root common to more than one kind of tree. 
The genus CWdaites belonged to a type of tree which had affinities both 
CO the cycads ami to the conifers, but was very difierent from either. It 
attained a great profusion in the time of the Coal-measures. Shooting up 
to a height of *20 or 30 feet, it carried narrow or broad, parallel-veined 
loaves, somewhat like those of a Yucca, which were attached to the stem 
by broad bases at rather wide distances, and on their fall left prominent 
baf-scars. ' It bore catkins which ripened into berries not unlike those of 
; ows (CardioiXirpus) (Fig. 408). Both of these forms of fructification 
occur in great abutidance in some bands of shale. Other fruits of un- 
certain {Mirentage arc named, lllmhdomfpiis^ Carjxdithns, and Trigonorarpis. 
The latter has been supposed to belong to some member of the 
CordaitacesB, somewhat like the fntit of the living Ginkgo (Salisburia). 

Large stems having a well-preserved internal structure have been 
presei’ved in the sandstones, where they occur as drift-wood, perhaps 
from higher ground (Fig. 407), Some of these ancient trees are from 
50 to 70 feet in length. They have been grouped under the generic 
names CalamopUySj Pitys, and Dmhxylon^ and their pith-casts have long 
been known as Sl^nhergia or Artesia, Becent research has shown that 
these stems belong to the Cordaitacese, and that while their structure is, 





Fig. 40ri.— A, SiKilltriA ; jKirtion of dAcorticat«d atAin ; », ulem Umniiuiting 

io Stignurian Root* and Booilett. 

also coniferous trees in the Carboniferous flora. WaMiia^ a characteristic^ 

> D. H. Scott, 7miu. Rtry. Soe. Biin. xl. (1902) p. 831. 
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ally Permian conifer, appears at the top of the Coal-measures. That 
true monocotyledons existed in the Carboniferous period was formerly 



FIk 406 --Hligmai’fn with AtlacliH] rootlet 4. 


supposed to Ite proved by the discoveiy of a number of spikes, rcfeiTed 
to the living order of Aroideas (Pothocites), in the lower part of the 
(Carboniferous system of Scotland, until Mr. K. Kidston showed tlnit 



407. -Tn'o-tnitik (ritye WitliHini, l.nul. }liitt.) niil)i*d«l«^l in Sandetono. Crni^leith, Kiliiiburgh 
(afti*r WithnmX 


the specimens are the fructification of AsteroeahmUts scrobiculaius, a genus 
of (’jdamite.' 


• Mmj. Xnt. Uist. May 1883, p. 297. 
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The animal I’eniains in the coal-bearing {itiri i»f CarlKinifcixitH 
rocks are comparatively few. As already stau*^!, certain i»aiuls of shalr. 
coal, and ironstone in the lower half of the C'oai nK'asures atluid 
undoubted proofs of the presence 
of the sea by the occurrence of 
some of the familiar shells of the 
Carboniferous Limestone. Hut 
towards the upper pjirt of the 
Coal-measures, where these marine 
forms almo.st »*ntirely disappear 
(among their last reprcsimtatives 
being species of Liuffnh and 
(hJtu'uloidm)^ other mollusks, that 
were probably denizens of bnickish 
if not of fresh water, occur in 
abumlance. Among the more 
frerjuent are Anthroronv/a, (\irhotn- 

ol, (AiilhmmM), an.l ,„i., 

{Anihrar/ftna)} Arthropods are 

represented by iast numbers of ostracods { limit/ Htijrirh 'ui, Jiiff/iot'ifjiii^ 
('ar/toiiuf, Lt jtiyJitm) ; by a few phylloj>o<ls Limn)-, 

phyllocarids {liifhinorm'i^, Aomf/ionins) : srhiz<»jMMl cru>la(*eans (Authi'if 
pab'uum^ Fig. 397) ; and enrypterids {Km up/t'iut^ Gli(pto«'f)ipiti<{). Fishes 




are found fre(jucntly, x-niains of the lar;:ri kirnb ;ippi ?iMiiL^ in 

scales, teeth, fin-spines, or 1smh>, while the sm.iljej ;;anoid^ aie ofjen 
preserved entire. Common genera are / 'lonnitu^. Ait>,>fli>A> 

illii:iH/uSf Shr/miAu'^ (Fig. 4U9, i;), }fr>jolit/ttlnt.', KbulAtfhtf ,, /Hfitllnithflti/.^ 

* Dr. Wht-cUon Hiii'l on e'-o/iOH .in<t .\'f- '-lit' , l'.«! ■ 
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NernatoptychiuSt GmUodus, EurynotuSj CIteirodus (Fig. 409, A), Cienacanthus, 
Gyrucanthus, Pleuracanthus, and Ctetwptychius. 

The presence of true air-breathers among the jungles of the Carboni- 
ferous period has been established by the discovery of numerous specimens 
of arachnids, insects, myriapods, pulmonate mollusks, and labyrinthodonts. 
According to the census of Mr. Scudder there were known up to 1890 
no fewer than 76 species of Carboniferous 
arachnids.' Scorpions (Eoscorpins) have been 
found h()th in Europe and America, and have 
been obtained in great numbers, in excellent 
preservation and of gigantic size, in the Lower 
Carboniferous rocks of Scotland (Fig. 410). 
Other arachnids occur, including ancient forms 
of 8})ider (Protolycosa). Myriapods, of which 
upwards of 40 species have been determined, 
were represented by various plant-eating milli- 
pedes (Xylofrhi.<, ArchiiUn.% EupJioberui). True 
insects likewise flitted through these dense 
jungles. Mr. Scudder s census of 1891 con- 
tained 239 species of orthoptera, 109 of 
neuroptera, 17 of hcniiptera and 11 assigned 
to coleoptera. M. Charles Brongniart, in his 
great Monograph published in 1894, enumerated 
FiK. 4io.-C8rhoiiir('n)U!i Scorpion, as having bcoii found in the Carboniferous 
principilly in the Commentry Coal-field 
Scoti^nii. of Central h ranee, upwards of 40 genera of 

neuroptera, and 19 of orthoptera. But these 
numbers are continually on the increase. Thus the number of 
known Paheozijic genera of cockroaches, the predominant insects, 
in the year 1879 was 58, and in 1893 amounted to 193.2 -phe 
Carboniferous insects included ancient primitive forms of cockroach, 
cricket, and beetle. It is reinarkalde that from some coal-fields hardly 
a single trace of insect life has been obtained, while in others great 
numbers of specimens have been brought to light. A variety of forms 
has been found in the Saarbriick Cojd-field ; but perhaps the greatest 
number of individual .specimens has come from that of Commentry, which 
up to the end of the year 1884 wa.s computed to have furnished not less 
than 1 300 individuals. Some of the insects were of considerable size. 
Thus the orthopterous Archi'opfilus from the Derbyshire Coal-field had a 
spread of wing of perhaps fourteen inches or more ; and a species of 
Diciyoneura (1). Monyi) had a wing about 12 inches in length. Others 
were remarkable for the vividness of their colouring (Brodia), the markings 
of whjch are still recognisable in the fossil specimens. One of the most 
singular features yet oUerved among these ancient insects is the union in 
the same individual of types of structure which are now entirely distinct. 

^ R Cr.8. S. Ho. 71 (1S91). The number has since been increased. See the later 
synopses of Dnwsou and Brou^niart quoted below, 

• Scudder, B. U.S. (i, S. No. 124 (1895). p. 21. 
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M. Ch. Brongniart has shown that wings which were admittedly neui*o- 
pterous, and were referred to the genus Didyoneura^ were really attached 
to bodies which are unquestionably orthopterous.' 

An interesting discovery was made by Lyell and Dawson in 1850 
when they found that the erect fossil trees in the coast-section of Car- 
boniferous strata, South Joggins, Nova Scotia, decayed in the centre 
while still standing, and have consequently preserved in their interior 
remains of some of the air-breathers of the time. Since that time the 
progress of research has brought to light a large number of specimens 
which, at the last census published by Dawson in 1894, included 26 
species of vertebrates, 33 of arthropoda (insects, scorpions, and myria- 
pods), and 5 of pulmonate mollusks. The insects comprise species of 
cockroach (Archimyhtcris, Mylacris, Pdrablattina), maytly {Vlatephrmera), 
and stick-insects {HnplophUbium). The vertebrates are all small amphi- 
bians, which probably crawled into the, hollow tree-trunks to die. The 
pulmonate shells were land-snails {Demhopupa^ Pyramidula, A rrJim>zonUes).^ 

The earliest known amphibia appeared in Carbonifenms times, and, so 
far as known, all belonged U) the order Stegocephalia (Labyrinthodonts, 
Arc.).'* They had a salamander-like bixly with relatively weak limbs 
and a long tail. Sometimes the limbs seem to have been undeveloped, 
so that the bmly was serpent-like. The head was protected by bony 
plates, and there was likewise a ventral armour of integumentary 
scales. The British ('arboniferous rocks have yielded abo\it 20 genera 
{Anthracosaurus, Lojromma, Ophideipeion, Pholvlerpdon^ PteropUur, Kera- 
terpeton, Uromdylus^ Arc.). These were prolwibly fluviatile animals of 
predaceous habits, living on fish, Crustacea, and other organisms of 
the fresh or salt waters of the coal-lagoons. The tree trunks of Nova 
Scotia alx)ve alluded to have furnished 9 genera of small, no doubt 
terrestrial, forms {Hylonomvs, Hylerpfion^ Pfjulmpetan). The larger 
amphibia of the time are believed to have measured 7 or 8 feet in 
length ; some of the smaller examples, though adult and perfect, do not 
exceed as many inches.^ The coal-field of Bohemia, which may Ixs in 

^ Cli. Brongniart, li. S. (}. F. (3), \i. p. 142; ‘ Het lurch*-* ])Our Ber\ jr k rhiatoire deg 
lusectes Fossiles des Tempg Priinaires,' 2 vol.<,. quarto, St. fiuenne, 1894. Scudder, 

Maff, 1881, p. 293, 1896, p. 10 ; Mnn. Boston. B»>c. Sat. Hist. in. (1883), p. 218 ; Froc. Arntr. 
Amd. 1884, p. 167 ; B. U. A. G. H. Nos. 31, 69, and 124. H. Wo<)<iward, <1 J. G. S. 1872, 
p. 60. J. W. Dawson’s " Synopsiv," cited in the following uoU-. The stmlent Interested in 
the study of fossil insect.s will find Mr. .Scinlder’s Bildiogniphy of the snhjcct, B. U. S. H. S. 
No. 71, • valuable book of reference. 

’ Lyell and Dawson, V- d. G. S. ix. (1858), p. 58. J. W. Dawson, “Bynopsis of the aii- 
breathing animals of the Palseozoic (rocks) in Canada up to 1894,” 7Van«. Boy. .Swr. Caruida. 
1894, sect. iv. pp. 71-88. The list includes a few examples not obtainwt from the tree 
trunks, and from Cape Breton and Pictou, likewise a small number of arachnids and Insects 
from the so-called “Devonian” plant-bearing strata of 8t. John, N.B. Tlie lattftr, as has 
already been pointed out, are claimed by paheobotaniats as undoubtedly belonging to the 
Coal-measures. 

* See British Museum “Catalogue of Foaaii Reptilia and Amphibia,” Part iv. by K. 
Lydekker. 1890. 

* MialL Brit. Auoe. 1873, 1874. 
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part'Permiaii, has furnished a considerable number of genera and species 
of labyrinthodonts and fishes.^ Marsh has described a series of foot- 
prints from the middle Coal-measures of South-eastern Kansas, some 
of which, he thought, were probably amphibian, others lacertilian or even 
deinosaiirian. The most abundant of the larger prints have four toes on 
both fore and hind I'cot, while in another type the fore-feet had five toes 
and those behind only fonr.- 

It has been hitherto the general experience of geologists that fossil 
plants do not serve so well for purposes of geological classification as 
fossil animals (pp. 832, 839, 848).^ But there can be no doubt that 
certain broad stiatigraphical subdivisions may be based on the evidence 
of plant remains, and the attempts in this direction that have been made 
in recent years with regard to the stratigraphy of the Carboniferous 
system, eneourago the hope that when the fossil floras are more minutely 
investigated tliey may afford valuable assistance in stratigraphical 
(leterminations. It is nearly half a century since Geinitz (1856) dis- 
tinguislied five zones in the German Carl)oniferous formations, eacli 
churacteiised by its own facies of vegetation. 1st. The Culm with 
Li’piihHlfiuhvu lylfltniHutnum, (\ilarnites trail dtioniii* foWowed by the remain- 
ing four zones, which comprise the productive C^oal-measnres ; viz. 2nfl 
the zone of Sigillurias; 3rd, the zone of (’alamites; 4th, the zone of 
Ammlaria ; and 5th, the zone of Ferns.*’' Twenty ycais later Grand’ 
Kury gave a much more elaborate classification of the Carboniferous 
system of Central France, according to the succession of vegetiition, as 
shown in the following table — 

Supra-Carboniferous Flora, Miniplcr and loss nch than that holow. showing; h 
passagd into the Porniian Horn ah<»ve, oharrtctense<l hy a lapid diniimitioii of Aldhoidrr’nt, 
(Iffonfoiitri'in uu’unpU'iwUt''*, JMijoiiteris, .Inmihn'it, Si>hi')ioi>h}f/lum. The Caluniitos are 
ro[irescntod hy ubimdant individuals of C. Miituis and C. JHndoirii, also AKtcrophylliUn 
fqni$dit\irmis : tin- ferns hy rtcoptfria njathnnAt^ }\ hcwit^HoKira, Uiioutitptens minor, 

0. Si’filoffin'iuii, several speeios of KnttopUph, &e. ; the SiKillariiis hy S, Jirarrfii, S. 

spinHloHit, and Stiqnuirin fironln ; hy niitneisuis narrow leavod fonn.s ; the 

CalainodoTulia h\ a prodi;^:iotts ahuiulanoe of soino spocies, ey. CnhiuuAnuh'on histruitnm, 

‘ C. Feist fiiniitel, Archir. .y<tlurir. lAiiuirsdurch/or»ch, liohuirn. v. No. (1S83), p. 52 : 
and ospeoially llio ^'roat monograph of A. Fritsch, “ Fauna «ler Gaskohle Kohmens.” 187^ 
and 8uh.sefpu'nt years. 

Aiiirr. Jovrn. Sn. xlviii. (1891), p. 81. 

' Some paheolmfanists, however, hold a contrary opinion. See, tor iiist.anoe, Mr. Kid^tou. 

Itoif. Vhns. Editu \ii, (lvS93), p. 184. Possibly the reason for the prevalent Udief 
is to ho found, as he suggests, in the fart that fossil plants liaie Wu less Inlly studied than 
fossil Buiiuals, especially from a .stratigraj«hical point of view. 

*• Now known as AstmtCidumUr-'i scrtHrulalns. 

* (ieognost. Darst. Steink. Sachsen,’ 1856, p. 83 ; ‘Die Steinkohlen DeutschlamN,’ 1865, 

1. p. 29.* 

• ' Flore Carboiiifere tin Departement de la Loire et du Centre de la France,’ Cyrille 
Grand’ Enry, Mm. Sir. Ktranyrrs^ .\xiv. (1877). This table is here given as the fnllcsi 
available synopsis of the classification of the CarlwniftTons sj stem ol a single oountry on the 
basis of fossil plants. But further and more extended Teso.xrch is retpiired before a scheme 
of arrangement can be perfected that may Iw caimble of general application. 
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Calamit€» erudaiut, ArihropUm subeommutiin ; the eoniferti by WnlfMia piui/wtnia ami 
acme others. 

Upper Coal Flora (properly so calletl).~-Calamitefi often ahumlant— 
itU^miptus, C, Siidcowii, C. cantur/ormu, C. rrwWo/Ms, AAtrophylHif* hipfniroidM, 
Jiacrostwh t/a ^ufundibxUiformia (very cotninunl, Anntt/arut hrevifolitt^ ami A, Longifolia 
(common throughout}, SpfunojJtylhan ublong^olium. Ferns richly de\elo|HHl, ]>sr- 
ticulsriy of the genera Peropterin (/*. vnUn, argtU^x, poh/niorpha, ami fsjwially 
SehUtthrimii) ; OdtnUoptfris {0. rrirJtiann^ /inmfii, vxijvneura, the last 

extremely abundant); Cauloptrris watrotiutcun, AUtho)tt(rxH OntniUtii in grt'nt ptofusion, 
Callipterulium {C. ovtitiim, yiycu, densxfoiin, eommonV lA'pido<lemlia ha\e almost 
disappeared; Sigillarhe aitj not uneenntnon (.V. rhUydoUptu^ S. Jirnt'itii', with Siuj- 
mariftpsis and Sjirimjodexvlron. Cordaitca m'ciirs in great alntmlance ; the lonifcrs sn* 
represented by Waidda piniformis and a few other speeios. 

Upper Coal Flora — (Lower Zone, Florr du tcirain homllrr sou.taupt'rintrr'^. 
Calainites and Asterophyllites abundant in imlividualH ami Hj»e«ics(C. SucktiUHi, Cistii, 
can naff orniia, varians, approxiuiahti, A. riytdm^ ijmndis. hijpvriudrs)^ Annulnrm 
tuidtalii, Sphenophyllum. Among the ferns there are few true spheimpterids, but 
}k(uropUria is common (*V. fli^xuom^ avru'uInUd, also (hioufnjttrr/s {O. rnchMiut, 
Schloth4‘imii\ Peeopteria {P. nrbtmsrfiut^ pxihhra, cmuLdliaMf riftoan, vtntptrrxdia, 
ft'enulalxi, napidvidrs, elt'yans), Caufopteria, Pstxnunna. I^pidodemlra me fen (A, Stem- 
la-rgii, elegana, Lrpidoatrohiia anb-raruihilis, Lcjyuhphlnioa /aririnva, Knoi'no Sfl/toii, 
Lfpulnphxdlxtm vxfijxtn'^. Sigillnrioid forma are hkenise on the wane nlieii compared 
with their jtrofusion below (HifftllHrm rfdjdira, Omdd/ii, frsaefinfa, tfrtfiina, guisimta, 
Urm'dii^ fgnnuIoMi ; SjiriiigcxhHdron cfic/iKHtigma, dudava; Htxtjmorut finudra abundant). 
Citrdaitra, liowever, now becomes the duininant gnuip »if jdants, but with a somewhat 
diti'erent facies from that which it piesents in the tnidille Coal-measureH {C. Wmmi/otitia, 
C. prineipttha, Ihuiojctdon Brandltngii, f'ardttutirpita nmxrgttuUi'a, Huthim, wajur, 
ovatiis), (’(ilavntea ctnnatua makes its ap|H.*ar.aiice. also kVah'hin pxaifuritxia. 

Middle Coal Flora--(Up]»er Zone, (S'/f/»ro-wn/vctine). - Calainites numerouM (C, 
Sttckmcii, Ciatii, avinaforniix, rtimoaus ; Aatfrophylliha foliotna, Iungi/ohua. grandia, 
fiifidua ; Audnhtria ininxtfxf, hrfrifolia , Sphrai>pi\tdhiitx mnfraifafntivni, Srhldhciinii, 
(rtincdtvin, xnajns. Ferns lepresenU'd by Sph> ntgitma (.S’, latifnlm, irHgitlum, trifidio- 
Af/o, criatata, &e, ). I^i'fprcupicna fimaximum of this geunsi, PtCigdrrtM {P. nfihtYviaOi, 
vil/os/f, Cisfi(, areoptcrtdm, (ic.), Cattlojdrrta, Xrviopb fiH, and other genera, l^epido- 
dcmlra are not infrc<juent {LrpidtAnulrfni Strndn rgii, iftf/nnn, nuUfaitm ; 

Lepidoatrobui uni/ihifta; I.t ptdvphhuoa Li ptd>tphfdfn*n iiKtjna), and various 

Lycojaxlitra. The j»roportioii of Sigilhria is aUays birge (.S'. CW(>{, xiU/'rvi> diu, SiKi- 
inannif trasrl/atti, cychaidgnm, nltfraana, Jirnugnturtt, Stigmurtn iiiiw»r). 

Parudosigillnx'ia is abumli(nt, es|iecially m<nuta(ignm. Cordaitra apfs^ars in some 

plac&s abundantly (C. hnrnaaifrAina, (ntnarrratt, Clndtanss mdiw/rtinuu^), and its 

fruits are numerous and varied (Ctirdiorarpua rutftnfi'nafva. othirnfftria, ot'idva). 

Middle Coal Flora (properly so called), characterised above all by the dominant 
place of the Sigillai ioid.s, which now surptass the Icpidmlendroids .iiirl form the main 
mass of the coal-seams. The genus Siyilhria hetc attains its ma\iiiium development 
{S. tlrofarri, angnata, arutrllata, intf’rmadxa^ rlvngiUn, iOtOtta, ulUnmaa, rugosa, rnti~ 
forttiia, ffojjo/drna, and many more ; PaaidoaxgiUarm alratUx^ nnwatt, nuMtiHligina ; 
Stigmarin Jicoidca, mimyr), Lepido<lendroids are large and fre<pieni [Lfpidix/nulrm 
aculcahim, obowtmn, mudaium, ranoavin, Strrnhfrgiiy fUgaaa ; Lfjndophloiva hiririuwi; 
Vlodtndroii taajna, mhiua ; Hahmia tuberenhUn^ Utrtxxowi, rrgtdarta ; tjfpAuphylluni 
uuijua ; Lepuloatrubua vanabilia). The fenis are abundant and varied ; the Sjdienop- 
tends include many s|iecies, of which Sphtnoptyria Uofningfumaii and tfWflla are common 
(also .y. Bronni, Sehlnthcimii, tenni/olia, rigida, furcaia, rfrgana) ; Alethoj/Uria is verf 
plentiful {A. Innchiboi, Serlii, Maniflli, hatrrophylla) ; also lAmchtpUria Bricii and L. 
Bvhlii ; Prrpecopteria, Peojpleria, MrgaphifUni, NevropUna (X. Jlraiutart, Loahii, tenui^ 
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folia, gigarUea), CydopUris, AulacopUris. The oalainitec are widely diflhied and 
abundant, especially CalamiUs .duhiua, utiduUUus, ramoaus, decoratua, SUinhauen ; 
AaterophyllUea wuAhippuroidea, grandia, longifoliva ; Volkmannia hinneyana; Sphenih 
phyllum seems here to reach its maximum, oharacteristio species being S. emarginatwn, 
aoxi/ragag/olium, eroaum, dentalum, truneatum, Sehlotheimii. Some coals and shales 
abound with Cardiocarpua, also Trigonoearpua, and Nbggerathia. 

Middle Coal Flora— (Lower Zone, Flore hmilUre atm-moyenna). — Lepidodendroids 
are characteristically abundant and varied {Lepidodendnm acuteatum, obovatum, crenatum, 
Jfaidingeri, widulcUum, long^olitim ; and Lepidophloioa laridnua, inUrmediua, craaai- 
eaulia; Ulodertdron, abundant in England, U. dichotomum, punetaium, majua, minus, 
&c.i Halonia tortuoaa, regularia, kc.). Sigillarioids are numerous {Sigillaria oculata, 
elegana, acvUllata, elongala., mamillaria, alveolaria, reniformia; Stigmaria fooidea, 
minor, atellaUi, retimlata; Didyoxylon, Lyginodendron). Calamites abound (C. can* 
nmformia, Suckomi, Ciatii, decoratua, approximatua ; Aaterophyllitea aubhippuroidea, 
longifoliua; Volkmannia polyataehya). Ferns likewise form a notable part of the flora 
especially sphenopterids (Sphenopteria lati/olia, actUi/olia, elegana, diaaecta, fureata, 
Oravenhoratii, nervoaa, muricata, obtuail^a, trifoliata)\ also Prepeet^pUria aileaiaca, 
oxyphylla, (Jlockeri, dentata; Mcgaphyton majua ; Pecopteria ophiodermatica and other 
similar forms. The nouropterids become abundant {Neuropteria heterophylla, Loskii, 
gigantea, ienuifolia; Oyclnpterin ohliqua; Alethopteria lonchitica, ke.). The abundant 
Coi'ilnifea of the higher measures are absent, though the fruit Carpolithua occasionally 
occurs. 

Infra Ooal-measure Flora — (Millstone grit, I'dage infra-houilUr), oharacterised 
essentially by lepidodendroids and stigmarias.— Lcpidodcndmt axuieatum, obovatum 
erenatuin, breoifolium, caudatum, carinatum, rimoaum, volkmannianum ; Ulodendron 
punetaium, ellipticum, majua; Ifalonia tuberculosa ; Lepidophloioa intermediua, laricinua. 
Sigillaria is not very common, but oculata, alveolata (Stern,), Knorrii, trigona, 
minima, and other species occur. The ferns are more varied than in older parts of the 
system, sphenopterids being the dominant types {Sphenopteria diatana, elegana, iridacty- 
litea, fureata, diasceta, rigida, divarieata, linearis, aeutiloba, kc.). The genus Pecopteria 
is represented by a few species, Neuropteria is comparatively rare {N. Loahii, ienuifolia), 
Alethopteria appears in the widespread species A. lonchitica, and a few others. Calamites 
are not relatively abundant {Calamites undulatua, Steinhaueri, communis, eanmaformia, 
Ciatii ; Aaterophyllitea foliosua, kc.). 

Flora of the Upper Groywacke. — Lepidodendroids are the prevalent forms 
{Lepidodandrtm carinaiuin, polyphyllum, volkmannianum, rugnsum, caudatum, aculeatum, 
obovatum; Halonia tctraaticha, regularia; Ulodendron ovale, commutatum). Stigmaria 
in several species occurs, sometimes abundantly ; but Sigillaria is rare {S. undulata, 
Voltzii, coatata, aubelcgana, venoaa, Guerangeri, vemeuillana). Calamites are not in- 
frequent {C. Hoemeri, Voltzii, cannaefortnia, kc.). The ferns are chiefly sphenopterids 
{Sphenoftteria diaaecta, elegana, Oeradorfii, diatana, tridactylitea, achiatorum ; Cyclopteria 
ienuifolia, Ilaidingcri, fabeJluta ; Prepecopteria aapera, auMentata ; Neuropteria hetero' 
phylla, Loahii). 

Flora of the Culm, characterised by the abundance of lepidodendroids of the type 
of L. velthtimianum (with Knorria imbricata), by the number of Bomia transitiwiia, 
associated with Calamites Roemeri, Stigmaria fcoidea (and other species), and by the 
abundance of the palreopterid ferns {Palaaopteria Maehaneti, atitiqua, diaaecta, Calym- 
matothaea {Sphenopteria) <\ffinia (Fig. 401); Cardioptaria frondoaa ; Bhodea divarieata, 
elegana*moravica ; Sphe^wpteria Q&pperti, Schimperi, &c.). 

Carboniferous Limestone Flora. — The palaeopterid ferns reach a maximum 
(Palaacpteria inaaquildtara, lindaeaeformia, polymorjdia, frondoaa, CalymnuUotheea affinia). 
Sphenopterid forms are found in Sphenopteria b\fida, lanceolata, eoe^ertifolia. The old 
genus Cydoatigma here disappears (C. minuta, NedKoratix). The more characteristic 
lepidodendroids are Lepidodimdron weikianum, veltheimianum, aquamoaum; Nnorria 
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imhricata^ acieuiaru. The flora include! also Stigmaria /<ioitU$t rugom ; Bomia tran- 
iiiionii ; AtUrcfhyllitea eUgam^ Ac. 

This subject has increasingly engaged the attention of palaxtbotanists 
during recent yeara The late D. Slur, whose labours in the Carbonifer- 
ous flora were so fruitful, correlated the Carboniferous system of Britain 
with that of Central Europe mainly by nteans of the plants. He reganletl 
the Coal-measures of Wales and the W'est of England generally us 
equivalent to the higher series of Germany, those of central and northern 
England and Scotland as equivalent to the lower series, In^th of these 
series being represented in l^ancashire.* The question has since been taken 
up with much zeal and success by Mr. Kidston, with reference to the 
British Carboniferous flora, and he is still engaged in the investigation. 
A preliminary statement of his results was published by him in 1893, to 
which further reference will be made in the sequel.**^ Mr. D. White has 
likewise insisted upon the stratigraphical succession of floras in the 
southern anthracite coal-field of Pennsylvania. He thinks that the plants 
of the Pottsville Formation in that field “ exhibit a rapid development 
and series of changes or modifications, which if treated with gre^t 
systematic refinement are of high stratigraphical value.’’ * 


§ 2. Local d e V e 1 1 ) p rn e n t. 

The European developmcMit of the Caibouileious nystem prewntH ceitajii well- 
inarkeil local wliieli hriUf^ ch'arly before the muni some of iho HUCccHsive 

j<er>^raphic;il teatures of iho lime. During the eailier half of the ("arboiiiferoua jieriod, 
there still l.ay much huul towards tlic north ami north-ue.st ot the present European 
area, whence u continuous supply of sandy and mudtly sediment wa.s derived, A aea of 
moderate <lepth and clear water extended fiom tie- Atlantic acioss the site of Central 
Ireland, the lieart of England and Helgium into Westphalia. The southorn margin of 
this ancient Mediterranean was probably formed l>y the ridge of older Paheo/oie and 
crystalline rucks, which, extending from the w'est of England into tin* liouionnais, and 
from Brittany into Cential France, sweeps east w aid by the uplamlH of the Aulennes, 
Hnndsnu’k, Taunus, and Tlmiinger W’ald into .S»xony uml .Silesia. In the deeper and 
clearer water, massive beds of limestone aecumul.ile*! ; but towards the land, ot least on 
the north side of the .s«*n, there was an increasingly abundant deposit of sand and mud, 
with occasional seain.s of coal and sheets «»f llme.-loiie. The whole region underwent 
slow suKsidi iice and infilling of sediment, until at lii.st va.-it niaislies and jungles cscupied 
tracts that ho^l been previously sea. By degreis, the liwer jtaris of the sunoumling 
land weie likewise subinerged Ijcncatli the accumulating coal giowtlis, which conse- 
quently spread o\er the sinking areas. Henc e, while urroHs the cential {>ortions of the 
Carl>oniferous region the normal succession of slraU presen t.H a lower marine division, 
consisting mainly of limestone, and an upper hi ackiah- water division, comisjsed of sand- 
stones, shales, and coal-seams, the marginal tract* showr hardly any limestone, some of 
them indeed, as in Central France, containing only the highest )»art of the npjier 
division. 


‘ Jahrb. K. K. (J«ol. lUichsarut, 1889. 

=* Traru. Hoy. •Soe. £dtn. xxxv. (1890-91), pp. 63, 301 419; xxxvii. (1893), p. 307. 
Proe. Roy. Phys. Soc. Edxn. xii. (1893), p. 219. 

» 20M Ann. Rq>. U.S. G. K (1900), pp. 749-918. 
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Tbe Britlfb IilM.^—The general sequence just referred to is well illustrated in 
the structure of the Carboniferous tracts of Britain, which being sufficiently extensive 
to contain more than one tyj»e of the system, cast interesting light on the varieil 
geographical conditions under which the rocks weft; accumulated. As the land, whence 
the chief supplies ofscfiiment were derived, rose mainly to the north and north-west, 
while the centre of Knglaiid and Ireland lay under clear water of moderate dc]dh, the 
sea shallowed northwardH into Scotland, and its bottom was covered with constantly 
acennmiating hanks of sand and sheets of mud. Hence vertical sections of the 
Carboniferous system of Bntain differ greatly according to the districts in which they 
arc taken. The subjoined table may be regarded as expressing the typical subdivisions 
which can be recognised, with modifications, in all parts of the country : — 




Coal-measures 


"lJ|jj>er series of red ami grey .sandstones,, clays, and sometimes 
breccias, with occasional seam.s and streaks of coal and Spirorbis 
limestone. This group contains workable coals in the Bristol and 
Somerset (RoiLstock and Farrington), South Wales, and F’orest 
of Dean tields, but in other parts of England is repre8etite<l by reil 
sbalus without workable coals (ilescribed on p. 1049). 

Miildle or chief cnal-ltearing .senes of sandstones, clay.s and shales, 
with numerous workable coal-seams (p. 1048). 

Lower Coat -measures or Gannistcr l>etls, —flagstones, s1iale.s, and thin 
coal - seams, with in some districts hard siliceous pavements 
(gannister). Many of the characteristic jvlants of the Middle 
[ (>tal-measHre.s are here absent. 


I '' Grits Hagstoues, and shales, with thin seaing of coal and occasional 
layers of fossiliferous limestone and shale. The plants are 
generally acanm and bwlly preserved, hut are of Coal-mcttsuro forms 
4. wiiUHione \mi . s|)ecittcally distinct from these of the strata below, nm 

I limeHtonos are marine ami the fossils (ontained in them are 
' generally common to the Carhouiferons Limestone lx*low (p. 1047), 

Yiiredale Group of shales, limestones, and grits, passing laterally into 
the thick limestones of the centre and south-west of England. 
The liumstonas and calcareous shales contain t'arbomferous 
Limestone fossils. The daik shales and sandstones yiehl plants 
which can lie dtstiuguishod from those of the true (.'oal-measures. 
The prevalent form is I^pidwlntdn^u veUhfimuniuvi ; ii> 

dii-hotiioidi-x, S, I.inkii, S, Haun'i, S, AdimUites 


* For detailed information regarding British Carboniferous rocks and fossils the student 
may consult, among eaily works, Phillips’ ‘Geology of Yorkshire,’ 1886, and {>apers by 
Prestwicli {Ged. Tnxns. 2iul ser. v.), and Sedgwick (typ, (it. iv. (/ G. K viii. /’roc. Grd. i<oc. 
il.). Of later date are memoirs by Blimey (</ J, G. *S. ii. xviii.) : Kirkhy {op. cit. xxxvi.) ; 
Davis ami Lees, ‘ West Yorkshire,' 1878 ; G. H. Morton, numerous papers in Vroc. 
Liverpool Ged. iShc, ; Hull’s ‘Coal-Fields of Great Britain.' The Memoirs of the Gedogical 
Survey will Ihj found to supply much detailed information for the various Carboniferous 
tracts of Britain : see, for example, the “Geology oftlie Yorkshire Coal-Field,” by Messrs. 
Green ami Bussell, “Geology of Flint and MoUl,’' by A. Stralian, and the Memoir on the 
Soutli Wales CoaLtleld, of which several parts have appeared. 

The proposal to arrange the stratigraphical subdivisions of th* British Carboniferous 
system on the basis of a study of the lonal distribution of the fossil plants, has been 
supplemented by the endeavour to work out the same Idea with reference to the animal 
remains, and some progwss has lieen mmle in the subject See Garwood and Marr, Oed. 
M»g. 1895, p. 650, also 1896, p. 46. Wheelton Hind, op. cit. 1896, p. 255 ; 1897, pp. 159, 
205 ; 1898, p. 61. 0, H. Morton, op. ciL 1897, p. 132. A committee for the consideration 
of the question has been appointed by the British Association, Reports^ 1896, 1897, 1899, 
pp, 871-876. 



1. Carbouiferous 
Uinetitone 
series 


MathanA'U and AtdufopMri* Tacketmaku ap|)ear to lie t'estrictetl 
to the (*arboniferou8 Uiuostone series (p. 1042).* 

Thick (Scaur or Main) limestone in south and ceiiti'uof England and 
Ireland, passing north wanls into sandstones, shales, and coals with 
limestones (abundant corals, ]K>Iyzoa, brachiojKHis, lsmelhbruuch&), 
of which a more detaihsl account follows this taide. 

Lower Limestone Shale of south and centre ot England (marine fossils 
like those of ovei lying lillle^tone). The ('alciferous Sandstone 
group of Scotland {marine, eMtuaniie, ami terrestrial oiganisms), 
which probably represents the Scaur Limestone and Lower Lime- 
stone Shale, and graduates ilowmwaid insensibly into the l'p))cr 
Old Red SamLtune, is descnlH-d at p. 1042. 


1. CAKUriNIFKROU-s LlMKsi'UNE SKllIKJj ANH 1,04 At. Egt'IVALF.MU — III the BOUfll-WCst 
of England, ami in South Wales, the I'atbtinireroiiH system }Nisses down couformahly 
into the Old Keij .Sandstone. The passage be<ls eomsist 4)r yellow, green, and reddish 
sandstones, green, giey. red, blue, and vaiiegaled marls and shales, sotnetinies lull of 
terrestrial plants. They are well exjKised ou the IVnibrokeshiie coasts, murine fossils 
iHing there found even among the argillaceous Wds at the top of the Red Sandstone 
84'ries. They occur with a thickness of about oOO feet in the goige of the Av*in mmr 
Hiistol, but show less than half that depth about the Koiest of IVan. At their huso 
there lies a bnne lied coutaiiiing abundant {wilatal teeth. Not far above this liori/on 
plant-U'aring strata aic found. Hence these ro<‘ks bring before us a mingling of terres- 
trial and marine eondithuis. In Yorkshiie, near Lowthei ('astle, Brough, and in 
Kavenstone<lale, alternations of rtni sandstones, shah’s, and clays, containing Stignutriti 
and other plants, occur in fhe low'er part of the Carboniferous Limestone. Along the 
e.aHt4,rn edge of the Silurian hills of the I,ake Dintiict, at the base of the IVnnine escarp- 
ment and round the Cheviot Hills, a HUcces.sion of re*! and gri’y sandstones, and giiTti 
and reii shales and marls with plants, undeilies the haw* of the ('arboTiiferous Limestone, 
It is highly probable, howev4*i, that these red .strata form merely a local liase, and 
04’cur on many .successive hori/oiis ; so that they should 1m* legHuied not as marking any 
particular [K'l ioci, but lather as indicating the lecurrence or jM‘r.sistem*e of certain }>ecuiiur 
littoral coiulitions of dejiosit during the suhsidence of the laml (p. 6.V2). Farther north, 
in the southern counties of Scotland, the l'p|K*r Ohl Ri*d Sandstone, with its character- 
istic fishes, graduates upwar<l into reddish and gr4*y Bandston4*.s with (^lrlMlniferous 
plants. 

In Devon and Cornwall a tyjie of the CarbonifcuuH s\st4-in is found, which, though 
it Joes not occur • Ist'where in Britain, ho.s bc4*n ascertained to rcap}M*Jir and to have a 
wiile extension in Central Eurofie. It presents a thick seiies of well-bedded grits, Hand 
stones, shales, often dark grey, w'ith occasional tliin hmehtone and radiolarian cherts, 
and jiassea down confurniably into upper Devonian stmta. Though imifh contorted 
and faulted, like the Devonian formations of thi* same region, this an'iiuceous and shiily 
series ha.s yielded a sufficiently large mimlMT ofrecogniMible fossils to show its geological 
])osition. The plants resemble generally those foun*! in the Calciferoiis Sandstone seri**H 
of Scotland. The animal remains include 8|iecieH of Orthvrrras, fJlffphufct'nf iUouin- 
/!<<»), Prolecanitea {Goniatitea), k'omisvioceraM {(Jomatites), Pcricyclus Iffoniatilrsj, 
Posid(ftiomya {P. Beehtri), CkotuUia, Spiri/er (S. Urei), Pro>ludi(4 (/'. jdicatuH, P. 
concentricM), Orthis Michelini, Phillipsia, QrijfithUIa, /^ruiftna, CielacanlttuH elegaiif, 
Elovichthya Jitkeni, Ac., an assemblage that also |K>ints to a position low down in the 
Carboniferous system. The siliceous bands or clierts, ami some of the 8oft<‘r shales 
have yielded 23 genera of radiolaria.’ This series of strata is known as the Culm- 


* The plants here mentioned are given on the authority of Mr. Kidston in liU paper lu 
PriK. Roy. Phya. Site. Edin. cited above on p. 1037, 

* 0. J. Hinde and H, Fox, V- ^* B..(189f») ; Traiia. Devon. Awor.'xxviii. (1896), 

p, 774. Gen. M ‘Mahon, Geoi. Mag. 1890, p.' 106. 
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meuurei, and tlie name Culm hat been adopted ai the deaignation of this type of 
Lower Cirboniferoni rocka abroad. Banda of tuff, diabaae, &c., mark contemporaneona 
volcanic activity during the depoaition of the Devonahire Culm.* 

In the aouth and aouth^weat of England, and in South Wales, the base of the 
Carboniferous system consists of certain dark shales known as Lower Limestone 
Shale, in which a few characteristic fossils of the Carboniferous Limestone occur. 
The distinctive lainellibranch is Modiola Macadamii. These basement beds vary Up to 
rather more than 400 feet in thickness. They are overlain conformably by the thick 
mass of limestone, which in Britain and Belgium forms a characteristic member of 
the Carboniferous system. 

The name Carboniferous Limestone (or Mountain Limestone) was given by 
Cony)>eare to the thick mass of limestone which in the south-west of England is inter* 
posed between the Old Red Sandstone and the Coal-measures. As the geological 
structure of the country came to be more fully known, the limestone was found to pass 
laterally into sandy and argillaceous strata. The term Carboniferous Limestone Series 
is now applied to this division of the system, which attains its greatest thickness in the 
north, though the limestone there forms a subordinate part of the whole series. Towards 
the south, on the other hand, the limestone increases in dimensions till it practically 
constitutor the entire thickness of the series. In the Pennine chain, which forms the 
axis of the north of England, the Carboniferous Limestone series attains a thickness of 
nearly 4000 feet, yet this is not its entire depth, for its base is not seen. Of this great 
thickness the lowest visible 1600 feet consist of limestone. Traced southward this lime- 
stone increases in magnitude, till in the Mendip Hills it attains a thickness of about 
3000 feet. Followed, on the other hand, towards the north, the calcareous part of the 
aories diminishes in Scotland to a few thin .seams of limestone, the main mass of rock 
consisting of sandstone and shale with seams of coal and iron.stone. The Pennine 
chain apiwars to have been the area of maximum depression during the eaily jiart of 
the Carboniferous {wriod in England. The great and rajud variutioiis in thickness of 
the limestone may indicate inequalities iu the downward movement, and perhaps to 
some extent irregularities iu the growth of corahs and the accumulation of calcareous 
ddbris. The great mass of 3000 feet of limestone in the Mendip Hills dwindles down to 
less than tOO feet in the Forest of Dean, a distance of only some 30 miles, The thick- 
ness sinks at Abergavenny, in the east of Glamorgan.shire, to hardly more than 100 feet 
of thin seams of limestone and shale. Thirty ini^es to the south, at Barry, it ha.s 
increased to more than 1000 feet, while only *20 miles farther west, at Porthcawl, it is 
estimated to be as much as 4500. The whole of the Carboniferous rocka of South 
Wales thit'ken towards the south and west. It is therefore surprising to find that 
towards the western limits of the region the Carboniferous Limestone on the coast of 
Pembi’okeshire tlisiippears altogether,'* and the Coal-measures come immediately next to 
the older Puhei^zoic rocks. Tliis structure, however, is not improhahly due to gigantic 
overthrusta, wln-reby the Carboniferous Limestone has been concealed. 

Where typically dovelope«l, the raibonifcrous Limestone i.s a inas.sive well-bedded 
limcHtone, chiefly light bluUh-grey in colour, varying from comjiact homogeneous to 
distinctly crystalline in texture, and rising into ranges of hills, whence its original name 
“Mountain Limestone.” It is sometimes, especially near Bristol and along the north 


* De la Beche, ‘Geology of Cornwall,’ Ac, Ussher, Qeol. Mag, 1887, p. 10; Proc. 
Sorntrui Arch, Nat. Hist. Soc. xxxviii. (1892), pp. 111-219. 

’I De la Beche {Mem. Qecl. Sarv, I p. 112) states that the limestone is there overlapped 
by the Coal-measures. But the complicated structure of the ground was not realised in bis 
<lay. This region is now being mapped in detail by the Geological Survey, and its structure 
will soon be better understood. See the published maps and the successive Parts of the 
Memoir on the South Wales coal-field. 
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crop of the South Walea coal-field, diatinctly oolitic* and often contains occasional 
scattered irregular nodules and nodular beds of dark chert (phtanite).’ Though it is 
abundantly fossiliferona little has yet l>eeii done in working out in detail the success- 
ive life-zones of this great mass of rook, as has been performed so well for the corre' 
spending limestone series of Belgium.’ Productm yi^aHicitsand P. Cora have been claimed 
as distinctive of the thick limestone, but the former ascends far above that platform. 
Some of the other organisms certainly range through the whole of the Carboniferous 
Limestoue series, even up into the Coal-measures, such as Producitu setnirriioulatus, 
P. scabrUuhis, Ednwndia rudis, Litfuxhmtui (Modiola) lingualis and species of Lingulat 
indicating a long continuity of the same general geographical conditions. Some })ortions 
of the limestone are made mainly of bunches and sheets of coral (LUhostrotiotL, Philiipi- 
astrxa, ic. ), ^^hile solitary cup corals {Zaphrenti\% Cyathophj/ffum, &c.) are often pro- 
fusely abundant. Many of the sheets of calcareous material consist almost entirely 
of the joints and broken stems of crinoids, mingled with valves of brachioj^ods and 
lamellibranchs, gastero{Hida and cephalopoda of the genera already enumerated, while 
occasional teeth and spines of the elasmobranch fishes are dispersed through the rock. 
Such deposits point to clear and moderately deep water, into which little or no ordinary 
sediment was carried from the land, but wheie a prolific maiine fauna gradually built up 
masses of limestone hundieds or even thousands of feet in thickness. Mr. Tiddeman 
has descrilH'd under the n.ime of “reef- knolls *’ certain mound-like aggregations of 
calf-arcous matter, which ho supjKjse.s to l»e j)artly of the natuie of coral-reefs.* 

On a Weathered surface of the limestone the fossils commonly stand out conspicuously, 
as their more largely eiystalline calfite enables them to resist the atmospheric influences 
better than tlic tine detrital material in which they He. Kven, however, limestones 
which may ap)»oai‘ to the naked eye destitute of foKsiU and stnu turcleas, may be shown 
by the examinaii<»n of thin slices of them undoi the microscope to be crowded with 
organic remains, botli entire minute forms (hpn-ulc.s, foraminifcra, radiolaria, 4c.) and 
fragrnonls of larger kinds. Divei.sities of colour and lithological charactar occur, 
wlicieby the bedding of the thick masse.s of limestone cun be distinctly seen. Here and 
there, a more markedly crystalline structure lia.s been suprinduced ; while along lines 
of principal joints the rock on cither snlc for a bi’cadth of 20 or 30 fatboiuH is occasionally 
convert'd into yellowish or brown dolomite oi “dunstone” (see p. 4'2(>). 

In England and in Iieland interesting evidence exists of .submarine volcanoes during 
the time of the Carlwiiiferoii-s Limestone. In Deibyshin} sheets of basalt-lava and tulf, 
locally termed " toadstone,” together with .some xolcaiiic vents filled with agglomerate 


* lu Glamorganshire a band of white oolite 40 feet thick lies in the middle of the main 
limestone, while some parts of the lower limestone are also oolitic. 

’ The chert bands of the Carboniferous Limestone hove been shown by Dr. Hinde to be 
largely composed of spicules of siliceous sponges, Geol. Mag. 1887, p. 43!i ; and ‘British 
Palueozoic Spouges,’ Pal. Sor. for 1887, 1888. He has also desmiied similar beds from the 
Perrao-Curboniferou.H rocks of Spitzbergeu, f/eal. Mag. 1888, p. 241. 

’ As examples of recent careful pajters descriptive of the Carboniferous Limestoue and the 
distriliution of its fossils, reference may be made to two memoirs by the late G. H. .Morton on 
the Vale of Chvyd and on Anglesey, Proc. Liverpool Orol. StK. 1898 and 1901 ; and 
to the memoir by Dr. Wheellon Hind and Mr. J. A, Howe, V- (1®0^)» PP- 

347-402. 

* Brit. Auoc. 1889, p. 600 ; 1900, p. 740 ; (Jtnl, Mag. 1901, p. 20. Mr. Marr regrfds them 

as probably due to local thickening aa a consequence of rupture and overthrust (^. 6'. S. Iv. 

1899, p. 827 ; see also Lamplugh, op. cit. Ivi. 1900, p. 11). W. Hind and J. Howe, f*p. dt. 
Ivii. (1901), p. 861. The original reef-knallt deacribed by Mr. Tiddeman from the Clitheroe 
district appeared to roe to be due to the irregular aggregation of submarioe organic debris 
tu sifu, though I could not detect any true reef-structure. 
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and tuff, mark one of the centres of eruption.^ Another is to be seen at the south end 
of the Isle of Mati.^ A third appears in Somerset* (Fig. 334), and a fourth in Southern 
Devonshire.* Two widely sepai-ated volcanic tracts have been found in Ireland, one in 
King’s County, the other, on a much larger and more diversified scale, in Limerick.^ 
It is in Scotland, hoivever, as will b6 immediately referred to, that the most remarkable 
proofs of abundantly active Carboniferous volcanoes have been preserved. 

In the Carboniferous areas of the south-west of England and South Wales, the limits 
of the Carboniferous Limestone arc well defined by the Lower Limestone Shale below, 
and by the Fai'cweli Rock or Millstone Grit above. In the Pennine area, however, the 
massive lime.stone passes laterally into a series of shales, limestones, and sandstones, 
known as the Yoredale Group.* These cover a large area and attain a great thick- 
ness. In North Staffordshire they are 2300 feet thick. In Lancashire they attain 
still greater dimensions, Mr. Hull having there found them to be no less than 4500 feet 
thick. Both the lower or main (Scaur) limestone and the Yoredale group pass north- 
wards into sandstones and shales with coal scams. In Northumberland, the Carboni- 
ferous Limestone series has been grouped into the following siibdivi.sions : — 

Upi>er Calcareous group, from the base of the Millstone grit to the Great Lime- 
stone, 350-1200 feet. 

('alcareous group, from the Great Limestone to the bottom of the Dun or 
Redesdale Limestone, 1300-2500 feet. 

Carl>ounceous group, Hcremerston coals, from the Dun Limestone to tlie top of the 
Fell Sandstone, 800-2500 feet 

Fell Sandstone, 600-1600 feet. 

Tuediaii or Cemeut Stoue group, 500-1600 feet. 

Basement eonglomerate. 

These subdivisions are not all fully developed in any one district, but the average thick- 
ness of the whole is at least as great as in districts farther south. 

Traced northwards into Scotland, the Carhonifei-ous Limestone series undergoes a 
still further petrv)graphioal and palaeontological change. Its massive limestones dwindle 
down, and are rejduoed by thick courses of yellow and white sandstone, dark shale, and 
aeants of coal and ironstone, among which only a few thin sheets of limestone are to l)e 
met with. Scottish geologists have named the lower j)art of their Carboniferous system 
the Caloiferous Sandstone series. It |>a8sc8 down conformably into the Upj>er Old 
Red Sandstone, and graduates upwards into the hnsc of what is known u.s the Carboniferous 
Limestone soric.s of Scotland. There can be no doubt, however, that it is really the strati- 
graphical equivalent of the greater jwrt of the Carboniftuvus Limestone of England, 
including both the Lower Limestone Shale and the Yoiedale rocks.^ The Calciierous 
Sandstones present two distinct types of sedimentation. In the more usual of these, 
known as the Cemeiit-Stoue group, the strata consist of thin-bcdde<i white, yellow, and 

* ‘Aucieut Volcanoes of Great Britain,’ chap. xxix. and nutliorities there cited. H. 
Arnold Bemrose, Q. J. <J. S. 1. (1894), p. 603 ; Iv. (1889), pp. 224, 239, 548. 

* J. Horne, Tran.<t. Oeol. Sue. Udiu. ii, (1874), p. 332. B. Hobson, Q. J. O. S. xlvii. 
(1891), p. 432; Yn Hoar Manninagk, Douglas, Jammry 1892, p. 337. A. G., ‘Ancient 
Volcanoes of Great Britain,’ chap. xxix. Tlie geology of this island has been worked out 
in detail by Mr. Laniplugh for the Geological Survey, and hi.s memoir on the Geology of the 
Isle of Man is now in the press. 

’ Summary of JhroffTtss of Geoi. Surr, for 1898, p. 104. 

* D^ la Bcche, ‘Report ou the Geol<^' of Com wall,’ Ac. (1889), p. 119. P. Rutloy, 
“The Eruptive Rocks of Brent Tor,” Mm. Oeol. Surv. (1878). Q. J. (/. S. xxxvi. (1880), p. 
386. General M'Mohon, ojk cU. 1. (1894), p. 388. 

* ‘ Ancient Volcanoes of Great Britain,’ chap, xxx., and references there given. 

* Dr. Wheelton Hind, Oeol. Mag. 1897, pp. 169, 205. 

’ See W. Gunn, Oeol. Mag. 1898, p. 342. 



green windstonei*, grey, green, blue, uid red e)»yt«iid ehaleM, uith tiiin bamds wf }mle 
argillaceoiw liineiitoite or cement-stoue. Seanw of g> |i*um ot'caHoiinlly apjKwr. TIu m* 
deposits are, on the whole, singularly l>srrei» of organic remains. The> seem to have 
been laid down with great alownehs, and without distiii Umv, in enclosi'd Usins. uhn h, 
as a rule, were not well fitted for the supiaiit of auiinul life, llioiigh tKoasiunal ostnitod 
liincstoues and other traces of organisms may be notml, while fnigmeiitiry i»UntN si rxe 
to show that the adjoining sloja-s were covered with vegetation. The ct nnnf • st< 0 '- 
group in Central Scotiaml is oveilani with an im|Mttlaut \oleanie ^tlatl(*rm. 1t» wlin li 
refert'uce will immwliately 1* made, hut iii the southern counties a • m lesjamdiiig 
platform lies below it. Tlie w>cuiid type* of the ('aleiUroa\ Saudstoiu s is well ile\elo]ti ii 
in the Lothiaus Hiul Fife. It may there Is* seen lying upon the v«»li’aiiie rtaks that 
cover the normal ceineut -stone group, of the upjaT {siit of which it may he the 
eipiivalent. It is known as the iiuidie Houm* orOil-sliule group, aiul «*onsists of vcllow, 
grey, and white .sandstones, with blue and hlaek shale.s. eltty-iroiist«)iies, liniestoiieN, 
“celneiit-Htoiies,” and oeoasioiial seams of eo.il. The wiiul.stoiiPh form excellent hulldiiig 
stones, the city of Kdiiihuigh having lu'eii huill ol them (p. Some of the shales are 

so bituminous as to yielii, on distillation, fioiii thirty to l»irty galhuis of ciude |H‘troleuni 
to the ton of shale . thev have eoiisequeiitly lH*en largely woiked for the maiiufuetuie 
of mim iiil oil. The llllu•^tom•.■» are usuall\ dull, grey oi \ellow', and close -graiiusl, in 
seams sehlom mote tli.iu a lew imlies thn k, and giailuate hy aiMition of clay and 
protoxide of iron into cement hloiie ; hut ocvasionally the\ swell out into thick lenti- 
cular imi.vs«s like the well-kimvui liiiustoiie of Htiniie House, ho long noted for its 
remarkable fossil lisliea. This limestone apfteais to be mainly niaile of the 'crowded 
cases of a small ostra<‘od tiuitaeeun (Ze ;»» /*»/</ mi OAyiu, var. Tin 

coal-seams are few and eommoid) t<M> thin to Ik* woikahle, though one (Houston eimli 
has been mimd in Linlithgowshire and several otheis in Hast Fife. The fossils ui 
the Huidie House group iiidieaie an altei nation of fitsh •)! hraekish water and inanne 
conditions. They imlmle iiiimeroim plants, of whuh the most ahiimlaiit aie (Vi/i/m- 
miUitifit'ca [Sphciiofitiri^] oJuiiH (Fig. 4on, lOuuoptatJf yfafnl/uta, Sph^mtpU'n$ pnchy 
ruchis, bifiihi, Lrpuiixiciulrun lolhnannuinniH. L, I'dthroui'tutim, I.rpuluiitrhhujt fim- 
bruUns, CnlarniU$, Ulitjmurui /icoulij, Antuinrmjyh'n. Ostracoi) cnistaceiina, ehieflv 
the Lrjterdttia above mentit)ned, crow*! many of the shales. With these are n.smillv 
s.s8oeiute<l abundant traces of the pre.seine of liali, either in tlie form of loprolites, or 
of scales, l>one.s, plates, and teeth. Th« following aie cliarat teristie ganoid sjMcies , 
Kloiiichthys .slriolatun, £. /luhi.vtni, /{hutliuu /ithys oniatmsunuj, Sfi>m(up1ych>» ^ 
dreivockii, Exm/ndus rrexuUv^ (Fig. 400 ,', J{fuzo>hi$ IhhU^H, Mrtjalb-hthyn sp. with 
the wdachiana (lyrncanlhus forxntmu, CaUnpristmim {Ctemrpt yrhixus) jfrrhnatxus and 
Tristkhixi* araiatvxf. At intervals throughout the group, marine lion/ons occur, 
usually os shale bands marked by the pn-sence of such distinctively CailKmiferouK 
Limestone sfieeies as Spirorbin carbitnariim, (trbicuUntUa nUu/u, Lnxyiiht 

Mquami/onnis, L. niytiluulai, Murchutonxa, Jid/eroph</ntlrciiM<i(iu, (iuxiintttrs^ (hthufmH 
cylindraceum, 0. suicatuxn. The marine liaiids inciease in numlKr in the Hast of file,' 

One of the most* singular features of the Lower Carboniferous rock-s ol HcotiM’id is 
the prodigious abundance of intercalated volcanic io(*ks. So varied, indeed, umi ilu* 
characters of these masses, and so manifold an<l inlercNliiig is tim light they ihiow 
upon volcanic action, that the region may be studied as a typhaiJ one for tins elaw of 
phenomena. (See Book IV. Part VII. Sect, i.) Inland sections aie ahundiint on the 
aides of the hills and in the stream -courses, while along the sea-i-hore the rwjix ]i»\e 

* For descriptions of the Calei/erous Sandstone group, see Maclaren, ‘(Geology of Fife 
and the Lothiaus ' ; also the Explanations to accotniNUiy the Maps of the (Geological Survey 
of Scotland, partlcalarly those on Sheets 14, 22, 23, 32, 33. and 34 ; the .Memoir on Central 
and Western Fife (1900) and that on Eastern Fife (1902). T. Brown, Traxm. Ilnj, 

Bdin. xaU. (1««1), p. 385. Kirkby, V. J. ti. A xxxu. p. 559. 
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been admirably exposed. Two great pbaaea or types of volcanic action daring Carboiii- 
feroua time may be recognised : (1) Plateaux, where the volcanic materials, discharged 
copiously from many scattered openings, now form broad tablelands or ranges of hills, 
sometimes many hundreds of square miles in extent and 1600 feet or more in thickness ; 
(2) Pays, where the ejections were often conilnod to the discharge of a small amount of 
fragmentary materials from a single independent vent, and where, when lavas and 
showers of asl} wore thrown out,. they generally covered only a small area round the 
volcano which discharged them.* 

The Plateau type of eru])tion was specially developed during the deposition of the 
Calciferons Sandstones. Its lavas consist of angite-olivine I'ocks (picrites, limburgites), 
basalts, andesites, and trachytes, while its necks or vents are filled with agglomerates, 
felsites, and in East liOthian, phonolites. Sheets of tuff are intercalated among the 
bedded lavas. The Puy tyjw was, on the whole, of later date, reaching its chief de- 
velopment during the time of the Carboniferous Limestone. Its lavas are mostly basalts 
of various typos, together with limburgites, picrites, and diabases. Tuffs and ag- 
glomerates are abundant, not infrequently containing organic remains (Figs. 3S0-383). 

While the scattered vents of the pays, with their associated lavas and tuffs, occur 
on many horizons, the plateau-lavas occupy a tolerably delinite position in the Calci- 
ferona Sandstones, though soinetimfes confined to tiie lower part of that group, sometimes 
ascending to the very b/iao of the Carboniferous Limestone series. This volcanic zone 
forms an important feature in the geology of Southern Scotland. Comiioscd of nearly 
horizontal alioets of andesite, diabase, and basalt, it extends from the Clyde islands 
on the west to Stirling on the oast, and sweeps in high tablelands through Uenfrewshire 
and Ayrshire. It reappears in East Lothian, and presents there some int«'ie.'>tiiig and 
remarkably fresh tiachytic lavas. In Berwickshire, Koxburghsliire, and Kirkcudbright, 
the volcanic sheets already leferrcd to intervene between the top of the Old Ked 
Sandstone and base of the Cement stones, and extend across into the Kngli.sh border. 

The Carboniferous Limestone series of Scottish geologists, probably represents 
the upper fUirt of the Carboniferous Limestone of England, The main or Twelve-fathom 
limestone of Yorkshire, which lies not far below the Millstone grit, has been traced into 
the north of Norihumlxtrlaiid. The continuity of the outcrops is then interrupted by 
the Silurian ridge of the Lammermuir Hills, but if the identification of the uppermost 
Yoredale limestones of Northumberland with the lower limestones of the Scottish series 
near Dunbar be correct, it <>’^111 follow that the so-called “Carboniteroiis Limestone series” 
of Scotland lies above the ^^rodale rocks, and indicates a gicat northward development 
of the highest strata of the Ca'fhoniferous Limestone series of England.® As represented 
north of the Tweed, this series ^nsists mainly of sandstones, shales, fire-clays, and coal- 
seams, with a few coin^tarativcly tpio seams of encrinal limestone. The thickest of these 
limestones, known as the Hurleto^M**” limestone, i.s usually about 6 feet in thickness, 
but iu the north of Ayrshire swells to 100 feet, whhh is the most massive bed of 
limestone in any {lart of the Scotti^ Carl»oniferous system. It is made of marine 
organisms, some parts being sheets ofVjjthoilendron coral. Together with the shales 
overlying it, it is the great repository marine fossils of the series. It forms one 

of a group of limestone beds at the base series, and lies upon a seam of coal, in 

some places associated with pyritous shales, largely worked us a source 

of alum. This superposition of a bed of mar ’^^ limestone on a seam of coal is of 
frequent occurrence in Scotland.* Above these lo-^^®*’ limestones comes a thick mass of 

• The volcanic geology of this region is fully discuasi^i ‘ Ancieut Volcanoes of Great 

Britain,’ and in the Oeol. Sitrv. Memoir* cited on the W- See also ante, pp. 

749-768, 755-764. 

• W. Gunn, Geoi. Mag. 1S98, p. 342. 

• For examples of remarkable alternations of .marine and conditlon^ see Oeol. 

Stmttg Memoir, "Eastern Fife,” 1902. 
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•tfmto contiiniug minj valuRb1« cmU-aMina tad IronitonM (Lower or Edge Co&b). 
Some of these strata are full of terrestrial plaiita {Lfpidodeiuinm^ SigUlariay Stijfmaria, 
A'ph^nopt€7is, AletJwpUru ) ; others, {«rticularly the ironstones, and the shales associated 
with the limestones and ironstones, contain marine shells, such as Lingytla^ OrbkulouUa^ 
Kuexdana {Ltda\ Myalina, Eucmpfutlui. Numerous remains of fishes have been obtained, 
more especially from sQme of the ironstones and coals (OynwatUhtts /orm^nuM and other 
fin-spines, Affgalichlhya Hihbtrii^ ^ixodua Hibherti^ with sjieoies of Elotiichihtit^ Aean^ 
tfiodei^ Ctenoptychiua, Remains of labyrinthodonts have also Iteen found in this 

group of strata, and have been detected even down in the Burdie House limestone. The 
highest division of the Scottish Carboniferous Lime^iie series consists of a group of 
sandstones and shales, with a few coal-seams, and three, sonietimos more, bands of 
marine limestone. Although these limestones are each only alK>ut 2 or 3 feet thick, 
they have a wonderful persistence throughout the coal-fields of Central Scotland. As 
already mentioned (p. 651), they can be trace<i over an area of at least 1000 sqnare 
miles, and they probably extended originally over a considerably greater region. The 
Hurlet limestone, with its underlying coal, can also be followed across a similar extent 
of country. Hence it is evident that, during certain e])ochs of the Carhonifcrous ]«riod* 
a singular uniformity of conditions prevailed over a large region of dej)osit in the centre 
of Scotland. 

As above stated, a distinguishing feature of the Carboniferous Limestone series of 
Scotland is the abundance of its intercalated volcanic rocks of the puy tyj^e. They are 
well developed in the basin of the Forth and in North Ayrshire. The lavas and tuffe 
are interbedded among the ordinary sedimentary strata, and the tuffs are sometimee 
full of plants or of marine shells, crinoids, Ac. (pp. 755, 756). The volcanic activity 
ceased before the time of the Millstone Grit. 

The difference between the lithological characters of the Carboniferous Limestone 
seric*!, in its typical deTelo]micnt as a great marine formation, and in its arenscroua 
and argillaceous prolongation into the north of England and Scotland, haa long been 
a familiar example of the nature and application of the evidence furnished by strata ai 
to former geographical conditions. It shows that the dee|ier and clearer water of the 
Caiboniferoua sea spread over the site of the central and south-western parts of England f 
that land lay to the north, and that, while the whole area was undergoing subsidence, 
the maximum movement took place over the area of deeper water. The sediment 
derived from the north, during the time of the Carboniferous Liiiicitone, seems to have 
sunk to the bottom before it could reach the gieat basin in wliioh foraminifers, corals, 
crinoids, and mollusks were building up the thick calcareous deposit, Vet the tliin 
limestone bands, which run so persistently among the lower Carboniferous rocks in 
Scotland, prove that there were occasional episodes during which sediment ceased tc 
arrive, and when the same species of shells, corals, and crinoids spread northwards 
towards the land, forming for a time, over the sea-bottorn, a continuous sheet of cal- 
careous ooze, like that of the deeper water farther south. These intervals of limestone- 
growth no doubt point to times of more rapid submergence, prhapM also to other 
geographical changes, whereby the sediment was for a time prevented from spreading 
so far. It is further deserving of remark that the fossils in these thin np{)er limestones 
in Scotland, though specifically identical with those in the thick lower limestones and 
in the massive Carboniferous Limestone of central and south-western England, are often 
dwarfed forms, as if the conditions of life were much less favourable than where the 
thicker sheets of calcareous material were accuniuiatcd. The corala, for instance, are 
generally few in number and small in size, and the large ProfhictuB (P, yiganUtu) is 
reduced to a half or third of its usual dimensions. 

Viewed as a whole, the Carboniferous Limestone series of the northern part of the 
British area contains the records of a long-continued but intermittent process of sub- 
sidence. The nnmerons coal-seams, with their under-clays, may be regaided as surfacca 
of rotation that grew in luxuriance on wide marine mod-flats. They mark pansw in 
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the subsidence. Perhaps we inaf infer the relatire length of these pauses from tlu 
• omparative thicknesses of tlie coal-seams. The overlying and intervening sandstonei 
Olid shalr s indicate a renewal of the downward movement, and the gradual inhlling o 
the d> (tressed area with sodimeut, until the water once more shoaled, and the vegetatior 
from adjacent swani()8 spread over the muddy flats as before. The occasional limestouet 
serve to mark epochs of more prolongeil or more rapid subsidence, when marine life wa* 
eiiabled to flourish over the site of the submerged forests. But that the aea, even 
though teiiantfd in these northern parts by a limestone-making fauna, vias not so clear 
ami well suited lor the develojinient of animal life during some of these siibmergencea 
as it WHS fai'tlicr south, se^'ins to ha proved by the ]>aucity and dwarfed forms of tlic 
fossils, as well as iiy the admixture of clay in the stone. 

Ireland presents a development of Carboniferous rocks, which on the whole follows 
tolerably closely that of the sister island. In the northern counties, the lowest 
members are evidently a prolongation of the type of the Scottish Calciferous Sandstones 
and Carboniferous liimestonc. In the southern districts, however, a very distinct and 
peculiar facies of Lower Cnrbonifcrons rocks is to be observed. Between the Old Hed 
tSandatone and the Carhoniferoiis Limestone there occurs in the county of Cork an 
enormous mass (fully 5000 feet) of black and dark-grey shales, impure limestones, and 
grey and green grits, which have been so atlocted by slaty cleavage as to have assumed 
more or los.s perfectly the stiiictiirc of true clcavc4l slates. To these rocks the name of 
Carboniferous Slate was given by Griflitli. They contain mimeroiis Carboniferous 
Limeatone species of biachiopmls, echinoderms, ftc., as well as tiiices of land-plants in 
the grit bands. Great though their thickness is in Cork, they rapidly change their 
litliological eharactor and diminish in mass, ;is they are traced away from that district. 
In the almost inciedibly sliwt space of 15 miles, the whole of the 5000 feet of 
Carboniferous Slate of Ikntry Bay seems to have disa|>j>eaie«l, and at Kenmare the Old 
Ued Sandstone is followed immediately ami conrormably by the Limestone with its 
umlerlying shale. This rajhd change is probably to be.exi>lainci), as Jukes suggested, 
by a lateral [lassage of tlie slate into limestone ; the Carboniferous Slate being, in part 
at least, tlie eipiivalent of the Carlxunferoiis Liiiiestonc. Between Bamlon and Cork 
the Carboniferous Slate is conformably overlain by dark shales containing Coal-nie.'iaure* 
fossils, and liclievod to bo true CotU -measures. Hence in the soiitli of Ireland, the 
thick calvareons accumulations of the limestone series appear to be repla ed by a 
corresponding depth of argillaceous sedimentary rocks.' 

The Carboniferous Limestone covers a large pint of Ireland. It attains a maximum 
in the we.st and south-west, where, according to Mr. Kiimhan,^ it consists in Limerick 
of the following siilHlivisiona : — 


Upjior (Burrell) Limestone 
Upper (Calp) Liinestoiu- 

Ixiwer Limeittone . 

Lower liimestone Shale-. . 



Feet. 

Heddeil lime.stone . 

240 

(’herly zone . . . • . 

20 

Limestones .ind dmies 

. 1000 

Cherty zone .... 

40 

FentsUUu limestone 

. 1900 

lyiwer cherty zone . 

20 

Ijower sillily limevtones . 

280 


. 100 


3600 


The chert (phtanitu) liauds which form such marked horizon.s among these limestones 
are coun\orpart.s of those found so abundantly in the Carboniferous Limestone of England 
and Scotland. Portions of the limestone have a dolomitic character, and sometimes are 


* .1. B, Jukes, J/ewnu/s Sunvif, Itvhntff £xi>Ianation of Sheets 194, 201, and 
202, {). 18 ; Explanation ofSheet-'i 187, 11^5, ami HMl. p. S5. 

‘Geology of Ireland,’ p. <2. 
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oolitic. Great theeU of baialt and tuff, repreiienting volcanic erufitiona of con* 
temporaneoua date, are interpolated in the Carboniferoua Linieatoue of IJmeriok (Fig. 
332). Aa the limeatone ie traced northwanls, it sliowt a similar change to that which 
takes place in the north of England, becoming more and more split up with sandstone, 

. shale, and coal'seania ‘ 

2. Millbtokk Gbit.— This name is given to a group of sandstones and grits, with 
shales and clays, which runs persistently through the centre of the Carboniferous 
system from South Wales into the middle of Scotland. In South Wales it has a depth 
of 400 to 1000 feet ; in the Bristol coal-fiehi, of about 1200 feet * Traced northwards U 
is found to be intercalated with shales, fire-days, fuid thin coals, and, like the lower 
members of the Carlmniferons system, to swell ont to enormous dimensions in the 
Pennine region. In North Staffordshire, according to Mr. Hull, it attains a thickness 
of 4000 feet, which in Ijancashire increases to 5500 feet. These massive accumnlationa 
of sediment were de|K>Mited on the north side of a ridge of moi'e ancient Pala'o/.oic rocks, 
which, during all the earlier part of the Carboniferous |>erio«l, seems to have extended 
acros.s central England, and which was not submerged until part of the Coal-measuraa 
had been laid down. North of the area of maximum de|K>sit, the Millstone Grit thins 
uway to not more than 400 or 500 ft'et. It continues a comparatively insignificant 
formation in Scotland, attaining its greatest tliicknesa in l^anarkshire and Stirlingshirs, 
where it is known as the “ Moor Itock," In Ayrshiie it tloes imt exist, iinleHS its 
place be re[»reHented by a few betls of sandstone at the base of the ('oal ineasnres. 

The Millstone Ctril is generally barren of fossils. When they menr, they arc either 
plants like those in the coal-Uaring strata aliove.or marine organisms of CarlMiniferoua 
Limestone sjiecieH, In I>ancaHhirc and South Yorkshire, indi*^!, it contains a l>and of 
foawiliferous calcareous shale undistinguishable from sonic of thoso in the Yoredale 
group and Scaur limestone. 

3. (V)ai. Mkam RKH. — This division of the (‘arboniferous system consists of 
numerous alteriuitions of grey, white, yellow, 8<imetimes reddish, sandMtone, dark>grty 
and black shales, cl :iy- iron stones, fire-clays, and coal-seams. In South ^^•les it aifaiut 
a raaxiiiiiiin depth of IHOO feet ; in the Hrintol coal-field, aliont 6500 feet, in North 
Statrordshiie about 5000 feet, which in .South T,ancashiie increases to 8000. Theoo 
great init-vsc'i of strata diminish as we trace them eastwaids and northwards. In 
Derbysldre they are about 2500 feet thick, in NorthuinlnffUnd and Durham aUut 2000 
feet, ami alnuit the same tliickne.«»» in the Whitehaven coal lield. In Scotland thty 
attain a maximum ol over 2000 feet. Some of these remarkable variations in thickness 
take place within short di.staiice.s, as we. have seen to be also the case in regard to the 
Carboniferous Limestone scries. Thus in the South Wales coal-field the Coal-measures, 
like the limestone, are thinnest towards the east and rapidly thicken westward. They 
are 1880 fiH’t thick in Monmouthshire, ami swell out to 3126 in the east of Glamorgan- 
shire and to 4753 feet in the west of the same county. Yet the direct distance within 
which this increase takes place is not more than 40 miles. There can lie little doubt 
that the Carboniferous j*eriod was one of considerable terrestrial disturlianco, some 
areas sinking, others remaining long stationary, ami others undergoing upheaval. The 
occurrence of a markeil uiiconforniability in the .Shropshire Coal measures affords a 
striking proof of these movements.'^ 

It must of coui-sc be home in mind that except [wissibly in some ]«rts of the 
Midlamls the visible top of the Coal-measures is in BriUin a denuded surface even 
Avhen preserved under later formations, and that it is impossible to say how much 
of the strata originally dei>o8ite<l has been removed. pBla>ontoIogical comdderations, 
to be immediately wlvcrted to, indicate that the closing part of the Cailioniferous fieriod 
i.H not now repre8ente<i in Britain by fossiliferous strata. Towards the end of th« 

‘ Huir.x * lliysical Geology and (leography of Ireland,' 2m!. edit, (18fH ), p. 49 
* W. Shone, V- O. S. Ivil. (1901), p. 86. 
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Ctrbonifaroni p«riod, possibly «lso within sarly Permian time, the terrestrial distnrbances 
inoreased so much that the Carboniferous system was in many, if not most, districts 
of Britain npheaved so as to be exposed to denudation. In some areas the denudation 
was so great that the Permian rocks, as in the case of the Magnesian Limestone of 
Durham, sweep across the denuded edges of the Coal-measures, Millstone grit, and even 
the higher parts of the Carboniferous Limestone. 

The Coal-measures are susceptible of local subdivisions indicative of different and 
variable conditions of deposit The following table shows the more important of 
these 


Bristol ako Somerskt. 

VMt. 

Upper series, com- 
prising tlie Rad* 
stock series of sand- 
stones and shales, 
with 8 seams of 
coal underlain by 
the Farrington 
series, with a group 
of re<l shales having 
a distinctive dora 2000 
If iddle series, chletty 
sandstones with 
Pennant grit (970 
feet) . .2000 

Lower series, con- 
sisting of an npiier 
^up (Kingswood, 

Sc.) and a lower 
group (Bristol, Vob- 
sterX of sandstones, 
■hales, and coals . 2500 

Millstone Orit 


OLAMOROAmRtRt.1 | 

Upper series : sand- 
stones, shales. Ac., 
with 7 workable 
coal - seams, more 
than .1800 

Poniiant Orit : hard, 
thick-bedded sand- 
stones, and 8 to 7 
workable coal- 
seams . . 1886 

Ixtwer series : slialee, 
ironstones, and 12 
to 25 workable coal- 
seams . . 1670 

Millstone Qrit. 


South Lancabhirk. 

Feet. 

Upper series: shales, 
red sandstones, 
Splrorbis limestone, | 

ironstone, and thin 
coal-seams 1600 to 2000 
Middle series : sand- 
stones, Bhales,clBys, 
and thick coal- 
seams. The chief 
repository of coal 

8000 to 4000 
Lower or Oannister 
series : flagstones, | 

shales, and thin 
coals . 1400 to 2000 

Millit^ Orit. 


Ccrtral Scotland. 

FMt 

upper red sand- 
Ntoiies and clays, 
w.lth Spirorbls 
Limestone, probab- 
ly equivalent to the 
Middle Coal-meas- 
ures of England ; In 
Fife upwards of . 000 
Coal-measures ; sand- 
stones, shales, fire- 
clays, witli bands 
of black-band iron- 
stone,' and numer- 
ous seams of coal, 
probably represent- 
ing the lyower Coal- 
measures of Eng- 
land. Thickness 
ill Ijinarkshire up- 
wanls of , 2000 

Moor Hock, or Millstone 
I Grit. 


The Coal-measures of Britain are marked by evidences of a mingling of lagoon and 
mhrine conditions. The numerous coal-seams with their underclays indicate the sites of 
wide tracts of swampy terrestrial vegetation. The intercalation of layers of shale and 
ironstone containing what were probably fresh-water or at least brackish water mollusks 
points to the 09 mplete or partial exclusion of the sea from these tracts, while the 
frequent interposition of bands containing undoubted marine shells shows that the sea 
could never have been far distant, but from time to time, during the slow' subsidence of 
the region, spread over tlie submerged jungles. Hence the remarkable alternation of 
terrestrial or lagoon surfaces with the bottoms of shallow seas. 

1. The Loicer The Lower Coal-measures have furnished an abundant flora, 

in which the most common sjiecics are Neuropteris heterophylla, Alethopteris londiiiica, 
A. deairrens, Sphenopieris obtusiloba^ Lepidodendron ophiurus, Calamites Suckou'ii 
and C. ramoaus. Sij^illaria, though represented by a number of species, is not common. 
Large tree-ferns make their appearance in rare stems of Megaphytm frondosum and 
iff. approximatum.* Upwards of 70 species of marine fossils have been obtained 
from this group, the most distinctive being AviciUopeeten papyrauus, Oaatriocerm 
{Ooniatites) carboimriurn, Poaidoniella Imvis, and P. minor. In Scotland occasional 
bands of marine fossils occur even near the top of the Coal-measures which are believed 
to lie tlie equivalents of the Lower series of England. Thus in Fife a shale forming the 
roof of a thin coal at the top of the series contains Lingula, Orbiculoidea, Productus 
MmireticnltthUf Aeliaina {Murchutonia) Uriatulay BelUrophon Urtii, OrihocercUy and 
Diacites.* 

2. T/te Middle Series is distinguished by its much richer flora. While it includes the 


^ H. K. Jordau, Address to S<nUh Wales Inst. Engxn. May 1898. ** Memoir of 
Geological Survey on South Wales CoRl-field." 

R. Kidston, op. supra cU. p. 225. 

=• J. W. Kirkby, (^. J. 0. S. xllv. p. 747. 
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more frequent species found in the Lower series, it ctmtsins mtuy eddicionel forms 
peculisr to itself. The genus •^pktnoptfru here stteins its chief development {S, 
grandtfrons, S. Saiiveurif S. Marrath, S. rotund{folta, S. muin, H. coriaeta. A'. Jaeqm^u 
S. JUxMsay S. trifidiohUa). The genera Odontopteri* and Keurofttrris are also repre- 
sented by a larger number of species than has l»een oltserved on any other horizon, some 
of the species being found only here, together with a number of other genera of ferns. The 
Calamitea are strongly represented, also SphenophyUum, LepUlodendron, and SigiUaria^ 
the last-named attaining here its maxiinuin development and being I'epreseuted by 
some species only found in this subilivision (A. poiyploca^ S. eiong^ita, S. dentj/chuiua, S. 
Saulii, S, eordigera). Cordaiies al>ound8, its commonest s})ecies l>eing here, as in the 
Lower series, C. prineipaiis. The most distinctive mollnsks of the English Middle 
Coal-measures are yaiadila modiolaris and Anihracomya modiohiris. These shells are 
not found in immediate association with the indubitably marine organisms, but on the 
contrary are mingled with a peculiar assemblage of hshes and reptiles, annelids and 
crustaceans, such as may be siipiiosod to have inhabited brackish or fresh water, 
together with abundant remains of terrestrial vegetation.* Some of the more 
characteristic fishes are Strepsodm sauroides (Fig. 409 b}, Hkitodop$i$ »anroidt», Mfga- 
Ikhthya Hihherti^ Chfirodun granuloaua (Fig. 409 a ), Jamaaa Ivigux/ormis, SphfuacnuthM 
hyhodoidea (Fig. 398), rirurneanthun Ifroissimiu, Ctenoptychiua apicttlia. Some S{>ocies 
range from bottom to top of the Coal measures— c.y. Callopriatodus pfctinattia and 
Gyraca nth ua /orm4>aus. * 

3. Tke Vp^tcr Aeries.- Tins highest sulxli vision of the English Carboniferous system 
ap[iears to be best developed m the Bristol and Somerset coal field, but to 1)6 present 
also in the Midlands, It lias lately Isjen worked out in great detail by the Oeological 
Survey in North Statrordshire, where it is capable of subdivision into four distinct 
grou]»8 of strata. At the base and p.issiiig continuously and conformably <io)^n into 
the Middle series comes (</^ the Black-Band group (300 to 4.^>0 feet), consisting of grey 
sandstones, marls, and c1a)8, uith some thin coals, black-band ironstones, and scams of 
Spirorbis Limestone, {bj Etruria marls (HnO to 1100 fret), red and purple marls and 
clays, with thin bands of green grit and seams of Spirorbis Limestone near bottom and 
top. (c) Newcastle-under-Lyme group (300 feet), giey sandstones and shales vith four 
thin coals and an entomostracan limestone at the base. <d) Keele serie.'i (above 700 
feet), red and juirple sandstones and marls with tliiii black and grey limestones, grey 
sandstones, and an eiitomostracaii shale at the base.* The flora of this series is 
characterised by tlie prominence of feriia of the genus Pccoi>tcrin, belonging to the 
Cyath^Uea group of Go]i|v»rt (/'. arh^reacena, }\ orapt^riden, P. Ciatii, P. Burklaniiii, P. 
pteroidaa, P. unUa, P. cn'nulata, P. pinwttifida, &c. ), sjiecies which ai-e iiot found «)n any 
other horizon. Anotlier common fern '\% AUthoptena Serlii, There are likewise jK?<'nlisr 
species of Sphinopteria, OdoninjAeria, and Xcvrnptcria. Tree-ferns here attain their 
maximum development Calamitea appears to be dying out, likewise IjfpUlftd/ndron 
and Lepidophlowa, while Sigillarin shows great diminution, being represented by several 
species of which only one (A. teaaelaXa) is common ; of CordaiUa two species are knowui. 

A specimen of Walehia has likewise been obtained near Birmingliam.* The fauna of 
this scries has its distinctive shell, Anihracomya P/nliipau, together with Carbonicoln 
Vinti, the last British representative of this fresh -water genus. There oc.cur also 
immense numbers of Spirorbia in the limestones, likewise various species of the ostracod 
genus Carbonia and some fishes {ElonichJhya^ Megalichlhya Hibberii, Cvlaca 7 Uhua 
lepturua, Diplodua gibboaus, Ctenodua erialatiia) 

» Wheelton Hind, Q. J. G. A, xlix; (1893), p. 259 ; op. eit. Iv. (1899), p. 3«5 ; 
Palaoniog. Aoc. xlix. (1895). 

* My Irieud Dr. Traqnair has been kind enough to furnish me with information on this 
subject, which he has so carefully studied. 

* W. Oilisoii, y. J. O. A. Ivii. (1901). p. 251. * R. Kidston, op. mipra eit. p. 229. 
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In North BtafTordihire there appears to be no break in the conformable oontinnitj 
of the Coal 'measures. Hut in the adjoining county of Shropshire, at a distance of not 
more than 2S or 30 Tnilc.s to the south-west, a strong unconformability (locally known 
as the **8ymon Fault”) has lieen detected between the Middle and Upper Coal-measures. 
The older strata have been thrown into fohls, over the top of which the younger series 
has been laid down.* Other unconforniabilities have been claimed in various districts 
both ill England and Scotland. Discussion has arisen in recent years as to the value of 
these breaks and as to the relation of the Carboniferous to the Permian sj'stem. It has 
been proved that certain red rooks, which for many years had lieen regarded as Permian, 
are really continuous with undoubted Coal-measures and contain an unquestionably 
Carboniferous flora and fauna. It has likewise been demonstrated that the red colour of 
« these strata is original, and cons<‘quently that the peculiar geographical conditions 
which produced the red sediments of Permian time had already sot in during the 
Carboniferous jieriod.*-* The Carboniferous flora pci-sisted for a time under these 
altered conditions, but its remains become fewer as we ascend into the highest parts of 
the red aeries, while the fauna grows increasingly impoverished. The remarkable 
breccias which form so conspicuous a part of these red rocks in some areas of the 
Midlamls, and have long been claimed as characteristically Permian, appear to form an 
integral jwirt of the red series which graduates downw’ard into the grey Coal-measures. 
If tlieso breccias are retained as jiarts of the Permian system, it becomes clear that in 
this region no definite boundary-line can lie drawn between Carboniferous and Permian 
dciwaits. Such gradations are of course |K;rfectly natural, for there was no abnipt 
break in the continuity of the two perioils. It may be an open question, for at least the 
present, wlietlier or not any part of the red si-ries of tlie Midlamls below the base of the 
Trias should he separated from the Coal-measures nml be regarded as Permian. 

The breccias just referred to have much interest in the history of geological investi- 
gation, inasmuch as tliey were claimed by Kumsay in 18.')5 as proofs of glacial action 
in Permian time.'* Ho pointed out their resemblance to moraine-stuff and boubler-clay, 
showing that the sliapes of tho stones recall those of icc-worn lioulders and |>rbl)les, 
and that in many oases they nru distinctly striated. He believed that be could trace 
the origin of tho contents of the bioccias to tho Silurian high grounds of North Wales, 
and ho came to the conclusion that they hud boon tians]Kutcd by flouting ice connected 
with glaciers, which existed among the hills of that region in the Permian period. 
•Subseiiueut investigation has made it more probable that the materials of tho breccias 
w'ere not far tranajiortcd, but moy have been derived from a ridge of old Pal;oozoic and 
pre-Cainbriun rocks, the summits of which have been wcll-oxjMised by the denudation of 
the Triassic strata in Charnwood Fon*st anti elsewhere. Tliese deposits have been 
compareil to the subaorial detritus accumulated by streams, a.s in the gravel fans at 
the foot of tho hill-ranges in the drier (larts of Western and Central Asia. But the 
character of the striation on the stones is strongly suggestive of ice-action, as is admitted 

' T. a Caiitrill, V- J. S, li. (1895), }». 542. W, J. Clarke, op. rit. I\ii. (1901), p. 86. 

« T. C. Oantrill, op.cit. li. (1895), p. 628, W. (Jilisou, op. cit. Ivii. (1901), p. 215. 
It will be n»meinlH'red that the peculiar red sediments of the Old Red Sandstone had, in 
like manner, made their appearance while an Upper Silurian fauna was still abundant. 

’ “Oil the Oi^'ciirreiicc of angular, sub-angular, polished and striated fragments and 
boulders in tho Permian Breccia of Shropshire, Worcestershire, &c.. and on the pro>>able 
existence of Olaeiers an<l Iceliergs in the Pvmiiaii Epoch,” Quart. Jonro, f.Vo/. S>k. 1866. 
pp. 186^205. ISeo also Mr. W. Wickham King, Midland y^atvra/ist, xvi. (1893), p, 26; 
Q. J. G. X Iv. (1899), p. 97. R. D. Ohlhain, op. dt, 1. (1894), p. 463. While the breccias in 
question are intercalated among strata contiimous with undoubteil Coal-measures, no trace 
of any glaeiatetl surface of older rock has been found associated with them, and they 
bcoome coarser towanls the south-east and east, that Is away from the north-western source 
attributed to them by Ramsay. Postm^ p. 1070. 
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Men by thoM who do not wholly accept lUinsay’s explanation. Since hia day oltaerra- 
tions have multiplied in India, Australia, and South Africa, which considerably 
strengthen his inferences, and make it probable that in late Carltoiuferous or IVrnio- 
Carboniferous times a rigorous climate did really extend for a time over a large |>art 
of the southern hemisphere. The evidence from these countries will 1m> stated in later 
parts of thia section of the present volume (pp. 1057-1060). 


On the Continent of Euro|;ic the Carboniferous system occupies many detacluHl areas 
or basins— the result partly of original de|>ositioii, j>artly of denudation, and partly of 
the sjiread and overlap of more recent forumtions. There can he little doubt that the 
English Carlwriiferons Limestone once extended eoiitiniiously eastwanl across the north 
of Kratic(‘, along the base of the Ardennes, through ISelginm, and across the present 
valley of the Hhine into Westphalia. From the western headlands of Ireland this 
calcareous formation cati thus l»e trseeil eastwanl for a distance of 750 English miles 
into the heart of Kurojic. It then l>egins to pass into a series of shales and sandstones, 
which, as already remarkial, lepresent proximity to shore, like the similar strata in the 
north of England and Seotl^d. In .^ilesia, and still nuu‘h farther eastwards, in 
eoiitral and .southern Russia, rejiresentatives of the ('arlM>niferous Limestone or Culm 
ap{)ear, but iulerstratilicd, as in Setitlaitd, with eu.il l>euiing stiata. Tiaces of the 
same blending of marine ami terrestiial oonditions aie fouml also in the iiorlb of Sjiain. 
Hut over eentral Franee, and eastwaids through Hoheinia and Moravia into the region 
of the Carpathians, the l‘o.al inea«uros rest directly U|k>ii edder Faheozoie groups, most 
conlnionly uiam gneiss and <ither crystalline rcs'ks. 'I’liew tiacts had no doubt remained 
almve water during the time of the Carhoiiifeitius Limestone, hut were gradually 
depressed dining that of the Coal meosures. 

The CarlKUiiferous .system of the Kurojteaii eoutiueiit has Ionui groui»cd by some 
geologists in three major «livisi(»n.s ; l*«l, the l/ower (Culm, Dinantiair. comprising all 
the Lower ('arlioniferous rm-ks up to the .MilKstone (Jrit ; 2iid, the Middle (Westphalian 
w-hetc of the lagoon t\ jw ; Moseovian where, an in Hns-sia, of the marine ty]>e\ embracing 
the Millstone (Irit ami (.’oal-ineasurea up to the top of the Middle wries of England ; 
8r(l, the Upper 'Stephanian, from St. Etienne, wh* -e (he lagoon tyyie is well develo|»ed ; 
Gshelian or Uralian, wheie marincl, including the highest part of the English Coal- 
measures rRa4istoek group). 

France and Belgium. -In Helgiuni and the noith of France the Htitish ly|Mi> of 
the Carbonifeious sy.sttm i.s well developed.* It « oinprises the follow ing subdivisions - 




s 


( Zone of the pas-co.ab •• {pn. neh bitiimiiiouH coals, with 28 to 

40 per C4'iit of volatile matter), ctouauimg 17 M*ams of coal, /‘finptrns 
P. (Irnhtfn, alMn'intit. .Srht, ynmtjiteiiA 

rorinrrvtK, Sphen<if>tcriH S. nf.tnttpteruuUs, .V. irr^jultins, S. 

~ I morUrnta. X comUoulvH, S. hrrfmrfa, .V. juiatUi, Surkmcn, 

g t « Annvfnria raiiiatn. Sphennphyllutn aottuin, SvjiUnrui frg.vfHuta, 
iiufmiUurig, ,S. rinwsa^ S. Intirmta, 

I Zone of the “Uharl*on.s gras" (18 to 28 jht cent lolatde mattei), soft 
|;Q-* 1 caking coal (21 seaui"), well suited for making <nke. f^pbnuiplrrig 

* HuntmuUtrin, S, vwrifrttfu, S. thm-iophyUnulfg, S. nititnihijoiui, S. 

I herltot'M, S. irrrfjufa/ ts, X*'urofftm$ i/iyunfrit, AhiJufpien* Setht, A, 

I ralifla, ('alamites ,*hnkotni, i^thfHophyNum rtnanjMio(mii, Siyi/lurui 

1. palypltKa, S. li ufosa. S. /o(tro.sttt, Trujontxttrptut yiHpp rathii. 


* On the Carlamiferoiw rocks of this area see TV Konim k, * Uew'nptions 4les Animaux 
Fossiles du Terrain Carbonifere de la Belgique * (1842-67). (Josseh-t’s ' Ksqiiisse,’ already 
citerl, and bU ‘ L’Aidemie ’ (1888). chaps, xxii. and xxiii. Mourlon’K 'Ot^dogie.' Houlay, 
‘Terrain Houiller dn Xonl ile la France et ws Vegelaiix fossik-s,’ Lille (1876). Diijamt, 
BvU. Soc, ligy. Bfig. (1883). R, Zeiller. Ji. S. O. F. xxil. (18»f»), p. 483. M. Bertromt, Ann, 
Mines, January 1893. 
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'Zone of the “Charbozie demi'gr&s" (12 to 18 per cent volatile matter), 29 
eearoa of coal, chiefly fitted for emithy and iron-work purposes. Spheno- 
pterU tri/oliolatoi & conrexi/olia, S. Hceninghausi, S. trichomanoides, 
/ureata, iS. HehilHngiiU irregularis^ LonchopUris Brieei, Diplotineim 
fureattMif Alethopteris Davreuxi^ Catamites Suckoxeii, Annularia radiata, 
Sigillaria seutdlaia, 8. elongtUa^ 8. rugosos 8. etegans, 8. piriformis^ 8. 
k dliptica^ 8. OroeserL, X Ismgata, Pecopteris abbreviata, llalania tortwm. 
'Zone of the “Charbons maigres.” Lean or poor coals (20 to 25 seams), 
only fit for making bricks or burning lime (0 to 12 per cent volatile 
matter). Sphenopteris Htrninghausi^ Pecopteris Loshii, P. pennmformis^ 
Neuropteris 8efUehani, Alethopteris lonchitica, Spkenophyllum saa^ragse- 
/oliHutf Annularia radiata, Sigillaria conferta, 8. Candolli, 8. Voltzii, 
Calamites Suckowii, Lepidodejidron veltheimianum^ L. pustulatum, 
txpulophloios laricinus. 

Zone of Produxtus carbonarius. Ooniatites (Olyphioceras) diadema, O. 
(Dimorphoceras) Oilbertsoni, Spirifer mesogonius, 8. glaher, 8. trigonalis, 
Orthothetea [Streptorhynchna] ereniatria, Productus semiretieiUatus, P, 
marginalia, Avietdopecten papyraceus, Schnodus axini/ormis. 


Sandstones or quartzites passing into conglomerates (Millstone Grit), separated 
from the Cavi)oniferous Limestone by carbonaceous shales with some thin 
coal-seams ; chiefly developed towards the north-east (Li^ge, Aix-la'Cha}>elle). 


Thicknesa 
In metres 
in area of 
tlie Sam- 
hre. 

f Limestone of Vise. Often poor in fossils, distinguished by ) 

Productua gigantens 50 I 

Limestone of Limont (Napoleon marble of Boulonnais). Fossils 1 

' numerous i Productua undatva, P. aemirettculattis, Spirifer f 

I glaher, 8. duplicieostus, Hhynchonella {Uypothyria) pleunslon, \ 

Terebratula (Dielaami) aaccuhis 10 j 

Limestone of Kant Banc, compact or oolitic in south part of 
Sambre basin, with Productus suhlaris ; but in north part of 
that basin, as well as on the Meuse and in the Boulonnais, 

Productua cont replaces P. aublmia 40) 

Dolomite of Namur, well developed between Namur and Liege, 1 

and extending into the Boulonnais (Hure dolomite), alternating [ 

with grey limestone, containing CAonefea rowonfcji . . . 40j 

Limestone of Bachant, grey, bluish-black, or black, with cherts 
(phtauites). Pmluctua cora (and sometimes P. giganteua), 

Spir{fer tricoruis, Dentalium priscum, Euompkalns ctrroides, 

Piaeitea aulcafua, Orthoceras mnensterianum . , . .3,5 

Limestone of Waulsort, grey, often dolomitic ; only seen in area 
of the Mouse. Spirifer cuapidatua, Conocardium ali forme . 0 

Lime.stone of Anseremme, grey and blue-veined limestone and 
.dolomite. Productus semiredculatus, Spirifer mosquenais, 8. 

euspulatua, Orthia reaupimita 8 

Limestone of Dinant, only found in the Meuse area. Productua 
aemireticulatus, P. Flemiugii, Perteu intermedins . . O' 

Limestone of Ecaussines (“petit granite”), crinoidal limestone. 
Phillipsia gemmulifera, Productua seniireticulatus, Spir(fer 
mosquensis, Orthothetea crenistria, Orthia Michelinij Leptf^na 

[Strophomena] rhnmboidalia 25 

Limestones and shales of Avesnelles, black limestone (16 metres), 
resting upon argillaceous shales (40 metre.s). Among the 
numerous fossils of the limestone are Productus Flemingii, 

A ffiberti, Chonetes varMaris, RhynchoMlla {Hypothyris) 
pleurodon, 8pir{fer mosquensis, Straparollits {kuotnpluUus) 
equtdis, PeeJen {Eutolium) Smoerbyi 50. 

I 258 


Thickness 
in metres 
in area 
of the 
Meuse. 


250 


160 


100 

100 

60 


100 


I 760 m. 


Tlte base of these strata paiaes down conformably into the Devonian system, with 
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which, alike by palaeontological and petrographical characters, it ia closely linked. 
The Carboniferous rocks of the north of France and of Belgium have undergone 
considerable disturbance. A remarkable fault (“ la grande faille " of this region) result* 
ing from the rupture of an isoclinal syncline, and the consequent sliding of the inverted 
side over higher beds, runs from near Liege westwards into the Boulonnais, with a 
general but variable hade towards the south. On the southern side lie lower Devonian 
and Upper Silurian strata, below which the Carboniferous Limestone, and even Coal- 
measures are made to plunge. Bores and pits near Li^ge at the one end, and in the 
Boulonnais^ at the other, have reached w'orkable coal, after piercing the inverted 
Devonian rocks. By continuing the Iwiiiig the same coals are found at lower levels 
in their normal {mitious. Besides this dominant dislocation many minor faults and 
plications have taken place in the Carboniferous area, some of the coal-seams being 
folded in zig-zag, so that at Mons a bed may be perforated six times in succession by the 
same vertical shaft, in a depth of S.’iO yards. At ('harleroi a scuies of strata, which 
in their original horizontal position occupied a breadth of miles, have been com- 
pressed into rather loss than half that space by being pli<'ated into twenty-two zig-zag 
folds. 

Southwards the plateau of crystalline rocks in central and southern France is dotted 
with more than HOO small Carboniferous basins which contain only |>ortionB of the 
Coal-measures. The most important of these basins are those of the Hoannais and 
Beaujolais, St. Etienne, Autuii, Commeiitry, t^nrd, and lime. It would ap^iear, 
however, that some «»f the surrounding slates aie alteicd repiesenlatives of the lower 
parts of the ('arboniferous system, for Carbonileroiis Limestone fossils have been found 
in them between Roanne and Lyons, and near Vicliy.'' Even as far south as 
Mont|tellier, beds of limestone full of PnHlndus ifnjanimH and other characteristic 
fossils are covered by a series of woikable coals, (fraud' Kury, fiom a consiileialion of 
the fo-isils, reganls the coal-basins of the Koannais and lower )iart ot the bnsm of the 
Loire, as belonging to the age of the ••culm and iijqwr gteywacke,” oi of strata 
immediately undeilying the true Coal-meuKiires. But the nunieioiis isolated coal-basins 
of the centie and south of France he lefers to a iiiucb later age. lie looks on these ns 
containing the most oomplote development of the upjter coal, proper!) Hocalled, 
enclosing a remaikably licb ilora, wIik Ii serves to fill up the palieontological gap 
between the CarbombTuus and Permian js-iiorls ' Some of these small isolated cool- 
basins are lemarkalrlc for the extraordinary tlin-kness of their cuabseam.s. In the most 
important of their iiiiuiber, that of the Lone St. Etienne;. 31 workable beds of coal 
occur, with a united thickness ot 164 feet, in a total depth of 11, .*>00 leet of stiata.* In 
the ba.siii near Clialons and Autun, the main coal aveiages 40, but occabionally swells 
out to 130 feet, and the Coal-measures arv, covered, appan-ntly conformably, by I’eimian 
rooks, from which a remarkable series of sauiiaii remains bus )x;en obtained. In soino 
of those small basins, like that of Brive, the Carboniferous stiaU consist in large part of 
breccias and coarse conglomeratic sandstones, which rest unconformably upon, and have 
been formed <»ut of, the contorted gneisses and schists of the cenlul plateau.* In other 
ba.sins they have undergone intense comjiresMon and disloiation. A notable example 
of this complicated structure is furnished by tlie noal-Held of the (iarfl on the east Hide 

^ For the Boiiloimais, see Godwin- Austen, (/ ./. <J. S. ix. p. 231 ; xn. p. 38, Bamjis, 
Proc. (jleul. Assof. vi. No. 1. Report of meeting at Boulogne, fi. S. U. F., s* r. 3, viii. ]>. 483. 
Rigaux, Mfvi. Soc. Sci. Boulogne^ vol. xiv. (18112); ‘Notice Oeol. sur le Has BouIonnaLi,’ 
Boulogne-sur-mer, 1 892. 

* .Marebisom Q. J. G. S, vii. (18&1). p. 13. .Tulien, Comptes Pendun, Ixzviii. p. 74. 

* Grand' Eury, ‘ Flore Carbonlftre ’ ; Comp(. rend. 0>ngrh Ghd. Intemat. Paris, 1900, 
p. .521. Bertrand, Bull. Sue. OM. France, xvi. (1888), p. 617. Fayol, p. 968 el seg. 
Memoirs cited ante, p. 1051. Le Verrier, Bidl. Curie Gtul. Franee, No. 15, p. 34. 

* 0. Monret, ‘Bassin Honiller et Permien de Brive,’ 1891. 
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of the ridge of crystalline rucks that form the Cevennes. The strata have there bwn 
not only ruptured but overturned, and traversed by thrust-planes on which portions of 
them have been pushed bodily forward.^ In the north-west of France, representatives 
of the Carlioniferous Limestone and the coal-bearing series above it are found. The 
Carboniferous Limestone is also wtdl developed westward in the Cantabrian mountains 
ill the north of Spain, where it likewise is surmounted by coal-bearing strata.'-* 

North Germany.'*" The Coal-measures e.Ytend in detached basins north-eastwards 
from Central France into Cermany. One of the most important of these, the basin of 
Pfalz-Soarbrucken, lying uriconformably on Devonian rocks, contains a mass of Coal- 
measures believed to reach a maximum thickness of not less than 20,000 feet, and 
divided into two groups 

2. UpjHjr or Ottweiler Ijeds, from 6.W0 to 10.000 feet thick, consisting of red sand- 
stones ht the top, and of sandstones and shales, containing 20 feet of coal in 
various seams. Perjtplerii urborencem, Odonlofteris ohlusa, ('urhi/nicola, 
Ealherin, Leaia ; fish -remains. 

1. liower ur main coal lienritig (Saarbruckeu) beds, 5450 to 9000 feet thick, with 
82 workable and 142 unworkable coal-seams, or in all between 350 and 400 
feet of coal. Abundant plants of the middle and lower zune of the Upper Coal 
flora. The base of the Uarl>oniferous system dues not here reach the surface. 

The Franco- Belgian Coal-tield is prolonged across the Rhine into Westphalia. The 
Oarlioniferous Limestone here dwindles down as a calcareous formation, and assumes the 
'‘Culm’’ phase, passing up into the “Hotzleerer Sandstein" or Millstone Grit— a group 
of sandstones, shales, and (lebbly beds some 3000 feet thick, but without coal-seams. 
These barren measures are succeeded by the true Coal-measures, about 10,000 feet thick, 
with 90 workable seams of coat, having a united thickness of more than 250 feet. 

Sottthern Ctormany, Bohaznia. —Carboniferous rocks occur in many srattered areas 
across Germany soutbwanls to tho Alps and eastwards into Silesia, including repre- 
sentatives both of the lower or Culm phase and of the Coal-measures. The Culm 
rocks reappear in the Hartz, where they are traversed by metalliferous veins and enclose 
small {latches of Coal-niea8ure.s.^ The same structure extends into Thuringia, the 
Fichtelgebirge, Saxony, and Uuhemia, tiie series of shales, sandstones, grey’wackes, 
and conglomerates of the Culm yielding Carboniferous Limestone fossils, aa well us 
Megaphytim, AsUrocalamitn^ Lepidodemlron, Ac., and containing sometimes, as in 
Saxony, workable coals. The abundant fauna of the Carboniferous Limestone is 
reduced to a few mollusks {Pntdwlm antujuua, P. ialissimus, P. semireticululjta, 
Poaidonoiuya Bccheri, (hnUitiUs {(flyp^nucrras) aphuTiena, Orthoccras sfrialulum, 
Ao.^. The Posidi/noinya {larticularly characterises certain dark shales known as 
“ Posidonia schists.” Of the {ilants, typical species arc Aalerocalamites scrobiculatus 
[CVihz/Jii<es <r(»?wri/iOAi's], LepUiodendron ir/theimianum, Stiyinarin Jicvidcs, SpheiKqderis 
distaus, CydopUris tenuifdia. This flora bears a strong resemblance to that of the 
Calciferous Sandstones of Scotland. True Coal-inoa.sures, however, also occur in these 
regions, though to a smaller extent than the lower {larts of the system. One of the 
most extensive coal-fields is that of Silesia,’ whore the seams of coal are both numeroua 
and valuable, one of them attaining a thickness of 50 feet. It is noteworthy that in 

* M. Bertrand, Compt. rend. exxx. 29tli January 1900. 

** Barrois, Ji. A. (f. F. xiv. (1886), p. 660 (Finisterre) ; ‘Recherches sur les Terrains 
anctens dos Asturius,’ p, 651. Zeiller (Menu Soe. OM.. Ifoni, i. 1882) refers the Asturian 
plants to the Middle and Upper Coal-measures of France. 

’ Ueiuitz, *Die Steinkohlen Deutechlands,’ Munich, 1865. Von Dechen, * Erlauterungen 
sur Oeol. Karte der Rheinprov.’ h. (1884). C. £. Weiss, ‘Foesile Flora der jUngsten 
Steinkohlen formation iiud des Rothliegendeu im Saar-Rheiu Gebiete,’ 1869-72. 

^ H. Fotoni^ ou the Culm-Flora of the Han, Abhandl, pTtu$$. GtcL Landtaamt.^ None 
Folge 86 (1901). 

* D. Star, AbhandL k. k. Geol, Heiehaantt. (1877). 
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the Coal-roeMurea of eastern and southern Cierinany horizons of marine fossils oceur 
like those so marked in the corresponding strata of Britain. 

The coahfield of Pilsen in Bohemia occupies about 300 sijuare miles. It consists 
mainly of sandstone, passing sometimes into coiigloinerate, and iiiterstratitied with 
shales and a few seams of coal which do not exceed a total thickness of 20 feet of coal. 
In its upper part is an important seam of shaly gas-coal (Platte), or Brettclkohle), 
which, braides being valuable for economic purposes, has a high pahcontulogical intcnht 
from Dr. Fritsch's discovery in it of a rich fauna of amphibians and lishrs. The 
]>lants abore and below this seam are ordinary typical Coal measure lbrm.s,‘ but 
the animal remains present such close affinities to Permian ty]H>s that the strata 
containing them may belong to the Permian system (pp. 1068, 1074). What aie 
believed to be true Permian i-ocks in the Pilsen district seem to overlie the coals 
uncoiiforniably. 

Alps, Italy. — The Carboniferous stiata of the Alps have been already (p. 801) referreil 
to in connection with the nietamorphism of that region. They consist of conglomerates, 
sandstones, and dark carbonaceous shale.s, which in some places be uncourormably on 
the crystalline schists, with which elsewhere, owing to compression, they ajipear to Ite 
canformable or parallel. To the south-west of Mount Blanc the shales contain Cuab 
measure plants, Pecopteris poiymorpka being the commonest form.*'* In jjther parts of the 
chain, the Carboniferous lenticlcs occur iiiilieddcd in or associated witli a great series of 
reddish sandstones, conglomerates, and red or greenish shales or slates, which occasionally 
become (piite crystalline, and cannot indeed be satisfactorily se^iarated from what have 
been regarded as the primitive schists of the mountains. To these strata the name of 
“ Vcrnicauo ” has lieeii given. That they are fiartly, at least,’ of Carbonifeious age is 
shown by the characteristic flora, umountiiig to upwards of 00 species, which the dark 
carbonaceous bands have yielded.^ The plants have ha<l their substance (‘onverted into 
a silvery sencitic mica. In Carinthia, thiough the labours of 8tur, Stache, and others, 
Carboniferous formations have long i»een known to form part of the central and 
southern bands of the Alpine chain. They are es|»ecially devolo|)ed in the Gail I'hal, 
where they have yielded numerous maiine fossils like those of the ('arboniferous 
lamestono of Western Enrojie. They extend eastwards iiitoStyria, and thence through 
the hilly ground of Illyria, Croatia, and Dalmatia. Shales, sandstones, conglomerates, 
and bands of /''n4n/t?m-liinestone (With PrtMinrtus st-mirriictiluhis, Ac.), (occur folded 
with the Trias on the western confines of Styria.^ 

Bowia. — Over a vast region of the East of Kurojw Carboniferous limestones, 
sandstones, shales, and thin coal-seams are .spread out almost horizontally. 1'hey 
unite the marine and terrestrial ty|>es of si'diineiitation so cliaracteristio of the 
north of Britain. In the central provinces of Russia, the .Moscow basin or coal field of 
Tula, said to occupy an aua of 13,000 scpiare nnlcK, lies conformably on the Old Red 

^ From the coal-field of Central Bohemia C. FeihtiuaiiUd enumerated 278 Hjwcies of 
plants, of which 137 were ferns {Sphrntptfrvi, AVur^^/ferM, (hiotiUplfrin, VyalheiUs^ 
AUthopteris, Meffopkjfton, Ac.). Archiv, AWurw. iMmUsdurch/ttrsch. Bulimrn^ v. No. 3, 
1883. For the amphibian remains, see Fritsch's * Fauna der Gaskohle.’ 

* E. Ritter, Hull, Carte Ufol. France, No. 60 (1807), vhap. vi. I>u|wn: et M razee, Mem. 
Sac, Phys. et HtM. Fat. Geneva, xxxiii. (1898), p. 17'A 

’ For an tssny on these rocks, see L. Mdch's ‘Beitroge zur Kenntuios det Verrucauo,’ 
l^ipzig, 1892. The metamorphum of Carboniferous and Permian rocks in Uie Alps of 
Savoy is described by P. Terraier, Bull. Carte (Jh4. France^ H. (1891), p. 367. See^also A. 
Favre, ‘Gi'ol. Savoie,’ vol. UL (1867), p. 192; A. Kothpletz, AhharuU. ^ScAtoeu. Palmont, 
QeedUch. vi. (1879). 

* A. Tommasi, BoU. Soe. Oeol. Jtal. viiL p. 564. C. F. Parona and b. Boizi, op. eiL ix. 
pp. 56 , 71. J. Teller, Srlilul, Oeol. Kart. (Pagerbof-Wind-FeUtriU), Vienna, 1899, p. 41 ; 
liL Praosberg. d. Sann. p. 84. 
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Sandstone or Devonian system, and contains limestones full of Carboniferous Limestone 
fossils, and a few poor seams of coal. In the south of the empire, the coal-field of the 
Donctz, covering an area of 11,000 square miles, contains 60 seams of coal, of which 44. 
having a united thickness of 114 feet, are workable. Again, on the flanks of the Ural 
Mountains, the Carboniferous Limestone series has been upturned and contains some 
workable coal-seams. It would appear, therefore, that this i>articular type of mingled 
marine and terrestrial strata of Cai boniferous age occupies a vast expanse under later 
formations in the east of EuroiK*. Since so much of the Russinn development of the 
Carboniferous system consists of limestone, it is interesting to find that it contains many 
of the familiar fossil sjwcies of the Carboniferous Limestone of Western Europe. Thus 
in the Ural region, according to Professor Tschernychew, the Carboniferous system may be 
divided into five zones, of which the lowest, a limestone containing Productus ijiganteus, 

$truitv.s, Chonetea papilionacea, Jkc., may l)e paralleled with the Calcaires de Tournai 
and Vise in Belgium, and with the British Carboniferous series up to the top of the 
Yoredale group. The second, limestone with Spiri/er itiosqveima, may be regarded as 
corresponding to the non-productive strata of the west, with the Millstone Grit and 
Gannistor group. The three ui)per zones, viz. those of («) Syriagopora jxirallcia, 
Spiri/er atrUitus, Ac., {b) Productus com, and (c) Spiri/cr fuscujer and Couacartiinm 
uralicuiu, are piobably equivalent to the Middle and Upi>er Coal-measures.^ One of 
the most abundant and persistent organi.snia of the upper /ones is the forarainifer 
Pitsuliiut. The ujiper Carboniferous rocks on the west shle of the Urals shade upwards 
into the base of the Permian system, and show a commingling of Carboniferous and 
Permiun fossils. 

Even a.s far mnth ns Spitsbergen a characteristic Carboniferous flora has been 
obtained, comprising *26 species of plants, half of uhich are new, but among which we 
recognise such common forms as Lepidciulmn Sternhmjii and Vorduilcs borassi/o/ivs,'^ 

Africa.— The sea in vhich the brachiopods, corals, and crinoids of the Carboniferous 
Limestone lived e.xtended acioss the .Mediterranc.in basin into Africa. Species of 
Pmtndus, Jfhi/ns, Spii'i,frr, Stirptorhyuchus, (hifiis, Ciinlhopht/Ihtm, Ac., have been 
obtained in tbe western Sahaia between Morocco and Timbuctoo.-* Farther east, in 
Fe/zan, between (Shat and Muiznk, what weio believcil to bo Carboniferous Limestone 
fossils were obtained by Overneg a.s long ago as 1850. More recently other outcrops of 
Carboniferous rocks have been detected at>atious points of the interior. The latest 
discovery has been made in tbe inland region south-west of Tidikelt (Algeria), where a 
group of white limo.stonos, grey and red mails and yellow himachelles have furnished 
a number of corals {Lophophyllum, Zuphreutis, Michchuia favosa), crinoids [Potcrie- 
rvintis, KfuHlot'riniis), Pcncstctla uicuibraiiaccu, Athyris iauictlosa, Ltplaum nnaloga,, 
Pioductus semircticulatus, Spiri/cr, Plcurotouiaria Yrauni, Grf/jorvTo.H— an assemblage 
that may be compared with that of the upper part of the Carboniferous Limestone of 
Belgium and England,* The red samlstones which exteml into the peninsula of Sinai 
and thence into Pale.stine, have yielded stems of Lcpidodeiidron and Sigillaria, and 
an intercalated limestone contains Orth is Michelini and Orthothetes \^Stre^orhynchua'] 
even (stria. A number of characteristic braoluo|>od8 of tbe Carboniferous Limestone have 
also been obtained' from the hills in the Egyptian desert to the west of the Gulf of 
Suez, such as Minifhonella {Hypothyria) pleimdon, Productus semireticutalus, Spiri/er 
atriatus/ In Southern Africa the existence of Carboniferous rocks has long been known. 

^ Ann. Soc. Oiol. Nord, xvU. (1890), p. 201. Nikitin, Mem. Cmn, OM. Ruaa. v. (1890), 
No. 6. 

* Heer, Flora Foaailia Arctica, iv. (1877), p. 4. 

’ G. Btache, Denkach. Acad. IFisa. Wien, xlvL (1893). 

* O. Flamand, Chmpt. rend, cxxxiv. (1902), p. 1533. 

» R. Tate, Q. J. G. S. xxvii. (1871), p. 404. 

* J. Walther, Z.D.O. O. (1890), p. 410. E. Schellwien, Z. D. G. G. xlvL (1894), p. 68 
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AboTtt oerUiu aUtw unil MuidAton«a \ Bokk«v«ldt) containing foMiU with Dnfoniati 
•Unities come the quartzitee of Cape Colony, encloaiug Lepuiodtndron an<l other Carbon)- 
ferouB planta. Thcae are uueonformably overlain by the “ Dwyka Conglomerate and 
the Ecea shalea, luutiatonea and sandatouea, aome 4000 feet thick. The Kcoa gronp haa 
yielded a number of plants which are also found in the Karharbari and Uaniuda groups 
of India. It may Iks of Upper Carboniferous or Permian age. It is further allude<i to 
on p. 1079.* 

The Dwyka Conglomerate has given rise to much disouasion. Some observers have 
regarded it as of volcanic origin, others have explained it to Iks a vast littoral accumula- 
tion, while the majority have adopted the view that it is a glacial accuhiulation, 
comparable with the Boulder-clay of Northern Europe and America. It ia comjsosad 
of stones varying from the btnallcst {Kjbblea up to bloi'ka weighing a ton or more, 
dispersed without definite arrangement in a dark grey or blue cement, winch deco»nj)oa«m 
into a uoiujiact yellowi.sh clay. Sheets of this material, feet thick, alternate with 
lioiizoiital stratified d(|Ht.sit.s, iti \shich {Kibbles are hoinetinies abundant. The blocks 
in this conglomerate aie covered with tine parallel Htrne, like those of glacial origin. 
The older rwks on which the coiiglomeiate rests unconformahly have rounded, 
smoothed, striated and giooved wurfstes jirecisely in the manner of rochets mvyttcnn4e$ in ii 
glacier valley, the inai kings mounting over the piomtneiice.H in one gem-nil direction from 
south-east to north-west. The original H*»urce of some of the blocks lias not lieen found 
in South Africa. It ih believed th.nt this remarkable Accumulation has once covereil 
the Hurfaco of the TraiiHvaal, at least as far north as lat. *26' 4<)' 8. It extends aoutb- 
wards into Ca{K; ('olony, where it attains a thickness of m<j>re than 1200 feel.“ Further 
allusion will be made to this hubject after the similar deposits of Australia and India 
have lieen described. The age of the Dwyka conglomerale has not been definitely 
ascertained , it may lx- provi.sionally classed with the “ I*crnio-CarlK)nifcrou» ” deposits 
of these countries. 

Alia. - The Carboniferous .system is extensnely develo|K*d in Asia.’ In China, where 
it covers an area of many tliousdiid H<|uate miles, tunning a succession of vast tablelands, 
it hiis been foumi by Hichtbofeti to la* cotit{K>aed of three stages: lat, a massive brown 
bituminous limestone, winch from its foraiuinifca (/'toufina, PunUinefla, Lingulirui, 
KHdiithitra, Vali'ulina, Chi/uKatnmnui) is obviously the c<{uivalcnt of the Carboniferous 
Limestone of Kuio|K3 ; ‘Jml, {iro^iuctivc (oal-rncaaurvs with both bituniiiioua ami 
anthracitic coals, and containing a churacleristio Coal-iiicasuio flora, among which »ie 
numerous ferns of the genera Mph^nopUris, Neuropleru^ CalHjtteridi'v.ra, 

Cy(Uheitci, Ac., also spccitis of CtdamxU-s, Spheuophyllvm, Lrjndodendron (including L. 
aU'rubf/y/ii), Stiijmaria (.S’. /icoidf$}, VorduUrt, and others ; anl, Upi>er Carboiiifcruus 
Handstoncs, congloinerates, and thin limealonea, containing marine fossils, among which 
are the cosimkjiolitari brachuii>odb mentioned on p. 1022.^ 

In India strata which may represent in part the Carboniferous system of Kuro|>e 
are developed in the western lialf of the Salt Range, where they consist of (1) a lower 

* (i. A, F. Moleograaf, Ii. & U. F. 4'“« st-r. i. (1901), p. 13. 

^ The observatioua of Sutherland, Dunn, (>r«eii, ami other previous writers are cited by 
fJ. A. F. Moleograaf, Traiut. <»ViV. .Sfv. South Afnm, iv. (Ie98), p. 103 and Ii. .S'. iJ. F, i. (1901), 
p. 67. A paper by Messrs. Rogers and Schwarz adv(N:ates a glacial origin tor llie Hru^ka 
couglomerata of Orange River Colony, which is probably the same as the Dwyka n>ck, Tranti, 
Phil. Soc. South Africa zi. (1900), p. 113. Since this {>aasage was written information haa 
been received of the discovery of a similar conglomerate, also believed to be of glacial origin, 
intercalated in the Table Mountain Sandstone. It differs in annie respects from the Dwyka 
band and seems to lie on a different horizon. A. W. Rogers, Tran». South African Phil, 
Soe. zi. June 1902. 

> See G. Fliegel. Z. Z>. O. O. 1. (1898), p. 386. 

^ Richthofen, ‘ China,' vols. it and iv. 
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group of speckled Mndstouee resting noconformnbly on the older Paleozoic rocks, and 
containing at its bene a remarkable b^lder*bed with striated stones of the type of those In 
Month Africa and Australia, and (2) a group of sandstones and highly fossiliferoua 
limestones and marls (Produotus beds), which have long been known for their remarkable 
admixture of Ammonites among organisms of characteristically Palteuzoio type, such as 
Athyris Roia$yi, S)nr\fer s/ria/ws, Prodwtiu eora and P. temiretiaUaius. The higher, 
member of this group, a sandy dolomite not more than 100 feet thick, contains a rich fauna 
having a Permian facies, but together with the Paleozoic forms are the ammonites Cyelo- 
lobua Oldhnmt, Arwttes antiquus^ A. priscuSt Xenodiaeus carbonarius, X. plicattu, and 
Sagteeras hauerinnum. In the Central Himalayas crinoidal limestones have been 
found in the Milam Pass containiug some familiar Carboniferous Limestone species, and 
similar fossils have been met with in Cashmere. The great Gondwana system of the 
Indian ponitiNula, composed of a mass of strata proiiably in the main of fla.viatile origin, 
apiMars to represent the upper Palwozoic and older and nkiddle Mesozoic formations of 
other countries. It is divided into tw’o sections, whereof the lower comprises three 
formations, whicdi in ascending order are the Talchir, Dainuda, and Panchet. Of these 
tlie Talchir may ls> paralleled with the Upper Carboniferous rocks of Europe and the 
Dwyka and Keca groiiiw of South Africa. The most remarkable feature in the Talchir 
group is the occurrence of blocks of all sizes up to masses 15 feet in diameter and 80 
tona in weight, vhieh have imen drop{>cd among the sandstones and the finest shales. 
In one instance the large houldrr.s have been observed to show' smoothed and striated 
surfaces, and the surface of the underlying liniestone is fouml to be also polished, 
scratched and grooved. These features are believed by the geologists who liave studied 
them to bo only exjilicnble by ice^action. Nor is this the only e.xample of them in 
India. Koferenco has just heeu made to the boulder-bed of tha Salt Range. Other 
instanct>s have losen noticed in the S[»iti valley, Central Himalayas, in Simla, and in 
('ashincre. ' 

AuitraUali. ' In Australia, imptirtaut tracts of trui* Carboniferous rocks, with 
coal-seams, range down the eastern colonies, and are well tlevelo|)ed in Queensland, 
uhoro the government geologists liave groujwd a thick senes of four or five fonnations 
under the name of Permo-Cnrhoniferous, The ohlest of these is termcjl (1 > tlie (Jynipie 
series, w'hicli attains iit its typical liHiality a thiekne.ss of 2000 feet, hut sometimes reaches 
more than ten times that amount. It consists of various .sandy argillaceous ami 
I’alcareuus nx*ks with .soim- voicnnie intercalations, and lias yielded besides some plants 
(Ctrr(faif<'a auatmlin, Lppulothndron anstrnfe), numerous marine fo.s.sils, among which 
all' Feiirsteiia /ossula, Protorefepora ampla, Spiri/fr rfaptvtilio, Leptaenu rhomboidalLs, 
and Prikincius com, (2) Tin* Star formution 'feel) consista of sandstones, 

conglomerates, shales, and thin limestones, in wliich, be.sides a mingling of plant remains 
{Ijfpfdodfmh'tm I'cUheiinutituin, L. tiitsriafe, Cnlainilfs variant) a marine fauna is found, 
iiioludiiig some cliaracteri.stic Carboniferous Limestone genera and ejiecios, as Adino- 
crinu.'f, Phillipaia, Fcucstella, IthyncJutnclia {Hi/fwthifrcs) pieuriAon, Rttkularia Urci, 
itetzia r<uii<ilis, Oithis tesupinata, Lcpfa'na rhoviboidalis, Orlkoccraa. The Brown River 
coal-field includes tbiee formations, of which the lowest is (3) the Lower Bowen forma- 
tion, which is made up chiefly of coarse volcanic agglomerate ami amygilaloidal Uva, with 
conglomerates and sandstones nearly 1000 feet in thickness. (4) The middle Bowen 
funnatiuii, cominiscd of nlteruatiuiis of sandstones and shales, with two seams of coal and 
some conglomerate.^ in the lower |>art, has furnished a large series of fossils, which include 

* Tire glacial origin of tlie pbeiioiueoa in question has Wn ably advocated by Dr. W. 
T. Blanford, ' Manual of Geology of India,' 1st eilit. and in his Addre.ss to Geological Section 
of British Association, Montreal ; and by H, K. Blanford, O. S. xxxi. (1875), p. 519 ; 
W. V lagen, Johrb, Gct^, Jifichaanat. xxxvii. (1887). p. 148 ; P. Noetling, Xauea, Jakrb. 
1806, ii. p. 61 (where a l»ibUography of the subject w given), and R. D. Oldham in * Mannal 
of Geology of India,' 2nd edit. 1S93, chaps, vt. and vii. 
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SphenopttrU, OlomefUrit^ ind nuny marin« anuiiAb (SUnapora, Ftne$t«lla /omUtt, 
TerAmivla cyvtbaiformia, Dielama meeulus, Spiriftr conMlutfu, S. trigamUis, 
Fndudu* eora, Jtc<). (5) The Upper Bowen forinAtion, made up of 1000 feet^or more 
of grey ah&lee and greenisb-grey, sometimes (wblily sandstones, with trees and a number 
of coal-seams, and containing PkyllotAec% audriklit^ Idhifolia, S, yfe^^oaa, 

y. ertbra^ CRoswofUru (?. li$uarit, Dfrbyia senitii, J^uductus brachytkrms, 

sud 0(muUite8,^ 

In the Kimberley district of West Australia liineetones 1000 to 1800 feet tliick, 
Mrith red marl, gypsum, and rocksalt, and coveivti by about l&OO feet of lacustrine or 
Suviatile sandstoneK, have yielded some familiar Carboniferous Limestone 8|)ecies 
[iVoductiut giganteus, P. semirelieulatua, Rhytwhonella {Hyp<iihyrU) plrvrodon and 
ithers).* 

In Now South Wales the Carl *oiiiferous formations are divisible into: 1st, Lomh' 
[Carboniferous (or Upper Devonian) —sandstones, conglomerates, limestones, and shales, 
iturh disturl)ed by granite in some places, traversed by valuable auriferous quarts-reefs, 
md yielding plant-remains i^J^pidiHinuiron unMrule\ Spiri/er duijuHdus and JihytuhoH- 
•lla {Hypothyra) pleurodon ; 2nd. UpjHfr or Permo-Carlioniferona, including a series of 
:oal-l)earing strata, Ixith l>dow and above Hhkh are thick niasacs of calcareous con- 
glomerates and aandstone abounding in marine foasils. The coal-soatns are sometimes .10 
’eet thick, and among the plants asHociate<l with them arc five 8|M>cies of (Hfmapttria, also 
Vait^amo/^cns (several sjiecjcs), Phyllttf/t^M, Annularia^ VerteftrarUiy Jiriiehtjfdiyl/nm^ and 
yoggf.rathi(/psi3. The genus Gfoasoptfrts was foiinerly believed to Is- entirely Memjsuii*, and 
ts occurrence with true CarlxmiferouH organisms waa for a time denied. There ran now 
>e no doubt, however, that it ap[>ear8 among strata in which are found the widospreaii and 
'haracterUtic Carboniferous LimeHtone forms LUhttairotum ha$alt^orme, L. irrrgnfart, 
pleheia, Athyris Iloyssii, (Jrihis Mirkelini, O. rempinala, Prothiclua aculeatvs, 
P cora. P. longutjiifiuji, /'. puifctalits, P. st^irfiindiUuMt and many more.® Professor T. 
W. K. David, in summarising our knowledge of the coal-bstfing rocks of New South 
Wales, gives a thickness of 10,(K)0 feet to the Upi»er or Pernio-Carboniferous scries. 
The pro<luclive Coal-measures lie in the upjier series, which is subdivided into six groups. 
In descending order these are (6) the Newcastle Coal-inesaures ; (f>) Dempsey b<*ds ; (4) 
Tomago (East Maitland) group; (1) Upjier Marine group; (2) CreU Coai-measures , 
(1) Lower marine JSTies. The Newcastle coal-s»»m8 aio notable for their lhieknc<.s, the 
lowest of them Iwing from eight to fifteen feet, and another, near .lainberuo, tuent,\ -five 
feet thick. An uucoiiformability and strong break in the flora separate the nppei 
division from the lower Carlnmiferous (or Upjier Devonian).* 

One of the most interesting features of the Permo Carboniferous formations of Aiistrslis 
is to found in the occurrence among thcoii of conglomerates like the South African Dwyka 
conglomerate and tliosc of India, fiihol with well-striated blocks and resting upon 

* Messrs. Jack and Ktheridge, ‘Geology and Pulseontolngy of Queensland,’ ebjijii. vf. 
xxii. 

® B. T. Hardman, “ Report on the Geology of the Kimberley District," Pertli, 1885. 

* Bee the jiapen by W. B. Clarke, K. Bthernlge jun., I)e Koninck, and Wilklu»on, cited 
on p, 980.’ 

* Prof. David, Trana. Auaintl. A»$oc, vol. li. (1890), jip. 459-466 ; Prve, Lutn. 3ni 
A\S. Waiea, vili, (1893) ; Joum. Roy. Soc. XA. Waie$, xxx, (1896). O. FeistmauUd, Afrm 
Oeol. Sitrv, X.S. Wales, PalsBOtUolotfy, No. 3, 1890, p. 87. The CarbouiferoMs aini 
Permo -Carboniferous corals of New South W'alcs are described by E. Klheridge, jim. 
€p. eU. No. 5, 1891. EL A. N. Arber, Q. J, O, 3. IvUi. (1002). p. 1. For informatioi. on 
the Australian Coal-fields, see papers by Walker, Robertson, and Cox, T.ons. Fed. Jiist 
Min. Smg. it (1891), pp. 268. 321 ; iv. (1893), p. 88. For a detailed account of the 
PUmio-Carbouiferous rocks and foesUs of Queensland, see R. L Jack and K. Etlieridge, 
jtu., *Th« Geology and Paleontology of Queenalaml.’ 1892, <Aips. vi.-xxii. 
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rounded and itriatad bouea of older rocki. Theee bouider-bede are well stratified and 
are associated with finely laminated shales, indicating deposition in water. They 
■nggest that the stones were dropped into the fine silt that was gathering on the sea* 
floor. No marine fossils, however, have been found in the deposits, the only organisms 
being remains of land -plants {Oangamopteris). The striae on the boulders and the 
rounding, polishing and grooving of the rocks underneath^ exactly resemble those 
produced by glaciers, that since the phenomena were originally observed and described 
by Selwyn, as far back as 1869, they have been generally accepted as proof of the 
action, either of land*ice or of floating-ice. They extend over a wide region, from at least 
as far south as latitude 42“ S. in Tasmania to the Bowen River Coal-field 4n Queens- 
land, latitude 20’ 30' S., and from about long. 137“ 30' £ to about 161’ 30' £. In 
Victoria probably several thousand square miles are covered with these glacial con- 
glomerates, which, with their included sandstones, attain the enormous thickness of 
3500 feet or more. The ice which furrowed the rocks and trans|>orted the boulders 
appears to have moved from the south, but the source of the erratics is not definitely 
known. The glaciated materials are not confined to one platform ; at Bacchus Marsh, 
in Victoria, there are at least nine or ten distinct boulder-beds, separated from one 
another by thick deposits of sandstone and conglomerate ; and in Now South Wales the 
Oreta Coal-measures, more than 230 feet thick, and containing from 20 to 40 feet in 
thickness of coal, are intercalated between the erratic-bearing horizon of the Lower 
Marine group and that of the Upper Marine group.' 

The evidence now accumulated from South Africa, India, Cashmere and Australia 
seems to point to some general operation on a gigantic scale in the southern hemisphere 
at the close of the Carboniferous or in the Permian period, whereby boulder-beds were 
produced and liinestoneH and rocks in $itu were polished, striated and grooved. Tlie 
assemblage of these peculiar features so exactly rciluplicatcs the familiar phenomena of 
the Olaoial Period, that it is hardly possible to resist the conclusion which has been 
rsache<l by those who have studied the details on the ground, that it proves the 
occurrence of a former ice-age in late Paiteozoic time whi(di rivalled in its extent, and 
aeems to have surpassed in the magnitude of its dei>osits, the glardation of the northern 
hemisphere. From the fact that, the boulder beds are intercalated among marine strata 
it is clear that, to some extent at least, the ice reached sea-level. We are still in 
ignoraiuw, however, of the jiosition of the high grounds from which the ice-.shcets 
descended.^ 

lu New iiealand rocks as.signed to the Perinu-Carbouiferous period consist of a 
large mass of ftxndstonos and shales, or slates and occB.sional limostoues passing down 
into true limestones at the base, from which Hpiri/er hisvlcatus, S. glaber, Pioductug 
hrachytkfurM, &c., have been obtained, 'fhey are estimated to be from 7000 to 10,000 
feet thick, and though they do not yield coal, they are geologically important from 
the large share they take in the structure of the great mountain -ranges, and from the 

' Professor E«lgeworth DavUl, Q. J. U. S. Hi. (1896), p. 289 (where an excellent account 
of the phenomena is given, also a bibliography of the writings of previous observers), Address 
to Section 0. Australasian Assoc. Brisbane, 1895 ; Jovth, Puh-. Hoy, Hoe. AT. 8. IKo/es, 
xxxiii. (1900), p. 164. Penck, XeiUeh, OmH. Hrdkundf, Berlin, xx.xv. No. 4. (1900). 

* The early i)ai»or by A. C. Ramsay, already cited (p. 1050), was the starting-point of 
inquiry into possible Palaeozoic glacial {leriods, in reganl to which a considerable moss of 
writing has since been published. Traces of such periods have l^een claime<l for a succession 
of geological formations up into the pre-Cambrian series (Torridonian). Of those dealing 
with supposed Carboniferous glaciation reference may here be made to A. Julian, who has 
advocated the glacial origin of the coarse Carboniferous breccias of Central France, Compt. 
rmd, cxvii. (1898), p. 256 ; and to Dr. £. Kalkowsky, who has described what he believes 
to be a glacial pebbly shale from the Carboniferous rocks of the Frankenwald, Z. D. Q. O. 
xlv. (1893), p. 89. 
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oeeuioiiAl abnnduit development in them of oontemponineoaa igneous rocks, whieh 
are auocieted with meUlliferoue depoeita.' 

Vorth America. —Rocks oorresponding in geological position and the general aspect 
of their organic contents with the Carboniferous system of Europe are said to cover 
an area of more than 200,000 square miles in the United States and British North 
America.* The following table shows the subdivisions which have been established 
among them in the typical Ap{)a1achian region. 

'Upper Coal-bearing or pro<luotive Measures (Mnuou^hrla River series, 200 
to 400 feet), with six coal-seams (AVwnjpieru hirtuta, y. JlexuttM, 
Pecopttrvi nThttrfMCftm).^ 

Barren Measures (Eik River or Conemangh aeries 300 to 800 feet), consisting 
of an upper gioup of slioles aud a lower group of sandstones, and includ- 
I ing bonio variable coal-seams, ironstones, limestoDes. Borne of the lime- 

J stones contaiu Productus hngitpinus, P. aemintiadiitus^ and siiecies of 

‘3 Sptr\f(Tt Ac., while these marine organisms are sometimea, as in 

^ "{ Scotland, foumi in the roof of a coal-seam. 

^ Lower Coul-bearing or proiluctive Measures (Alleghany River scries, 250 to 
u .'JOO feet\ containing a valuable series of coals among strata of aandstons, 

SL shale, lire-clay, and limestone. 

^ Pottsville rouglomerate series, hard white sandstones, often conglomeratic, with 
abuntlant tmuks of f^pulodetuittm and SigtUaria (150 to 300 feet, but in 
West Virginia increasing to 700 and farther on to 1 800 feet). These porous 
rocks are the rejiOHitory of much salt water, as well as some oil and gas. In 
1 West Virginia coal is conspicuous in the middle and lower half of the series, 

.i . / Mauch Chunk series of re<l shsles and sandstones (650 feet), lying on the Greeu- 
» I 5* J brier limestone (200 to 250 feet, but in West Virginia 1000 feet or more). 

► t 2 ■[ Poooiio series of grey sandstones and conglomerates, extending from Peuusyl- 
\ vania across Maryland into West Virginia (400 to 450 feet). 

South-westwards the Carboniferous system increases in thickness, and apjiears to 
attain in the State of Arkansas its maximum development on the American Contineut, 
as shown in the sulijoineil table.* 


a j L’pper Coal-nioosiireK 

a 5 "i l/)wer 

(2 ^ 1 Millsbine Grit 


J l/ower Corboniferous 


j pMtean Beds 

l*ro<liictive Beds 
Barren Btsls 

I Chester, .St. I/>uih, and Warsaw groups 
' (Boston group) 

I Keokuk ami Burlington groups 


* Hector’s ‘HandlKwk of New Zealand,' 1888, p. 35. F. W. Hutton, Q. J. O, S. 
1885, p. 200. Trans. A>i<’ Zraland Insi. xxxii. (1809), p. 150. 

* A large l»o<ly of liter.sture has grown up regarding the Carl>oniferous formations of 
North America. The Canadian development is discussed in numerous Reports of the Geo- 
logical Survey of Canada, and in Dawson’s ‘ Acmlian Geology ’ ; that of the United States in 
numerous Bute Surveys, such as the Second Geological Survey of Pennsylvania, and in many ». 
papers scattere^l through the Ameiican Journal of iirieru:^, Journnl of Oedogy, BulUtin of 
the GfAlogicfd Sori^dy of .iJNcricii, American Oeologial and other serials. The Bulletins, 
Annual Reports, and Monographs of the UniUd States Geological Survey contain much 
valuable information on the subject. To some of thcMj reference in made Ixdow. 

* The fossil plauU of the Carboniferous system of the United SUtes have been well de- 
scribed and figured by L. Lesquereax, “ Description of the Cool Flora in Pennsylvania and 
throughout the UniUsl SUtes," in Reports (f Reumd UeoLogical Surrey of Pennsylwtnia, roll, 
i.-iii., with Atlas of Plates, Harrisburg, 1880-84. See also D. White, ‘Fossil Flora of the 
Lower Coal-measures of Missouri’; Monograph xxxvu. (1890^ U,S. Q. »S, ; 20fA Ann, 
Rep. U.S. (1. 8. 1900, pp. 749-918, — ‘‘The stratigraphic succession of the Fossil Floras of 
the Pottsville Formation in the Southern Anthracite Coal-field, Pennsylvania. 

* J. C. Branner, Amer. Joum. Set. li. (1896), p. 235. 



The Lower Carboniferous groups are mainly limettonea, but contain here anHf there 
remains of the charaoteristio Carboniferous land vegetation. Crinoids of many forms 
abound in the limestones. A remarkable polyzoon, Ardtimedes, occurs in some of the 
bands. The brachiopods are chiefly represented by speofes of Spirifer and Productiu ; 
the laniellibranchs by Myalina^ S^izodui^ AnculopecU^n, Nucukit Pinna, and others ; 
the oephalopods by Orthoceraa, “N^autilus,” Ooniaiilea, Oyroeeraa, Ac. The European 
genus of trilobite, Phillipsia, occurs. Numerous teeth and hn-spines of selachian fishes 
give a further point of resemblance to the European Carboniferous Limestone. Some 
of the rippled rain-pitted beds contain amphibian footprints. Large deposits of gyiwpm 
occur in this stage in Nova Scotiae 

In the Mississippi basin, where the Lower Carboniferoiu groups are most fully 
developed, they present the following subdivisions in descending order 

Chester group. ~ Limestones, shales, and sandstones, sometimes 600 feet. 

St. Louis group. —Limestones with shale, in places 250 feet. 

Keokuk group. — Limestone with chert layers and nodules. 

Hiirlington group. -Limestone, in places with chert and homstone, 25 to 200 feet. 

Kinderhook group. — Sandstones, shales, and thin limestones, 100 to 200 feet, 
resting on the Devonian black shale. 

The Pottsville conglomerates and sandstones occdpy a similar stratigraphical 
position to the Millstone Grit of Britain, like which they include in some districts 
seams of coal. 

The Coal-meastires vary from 100 feet in the interior continental area to more than 
8000 feet in Nova Scotia. The plant remains include forms of LepitUAmdron, Sigil- 
laria, Stigwaria, Calamitea, ferns, and coniferous leaves and fruits. The animal forms 
embrace in the marine bands species of Spirifer, Prodnctiia, Bellerophon, ‘^Nautilus,*' Ac., 
some of which are world-wide species, found also in the Carboniferous Limestone {Pro- 
dwliis aemireticulatHs, P. punetatita, P. cora, Xfrebratula {Dklasma) kasiata, Ac.).^ 
Among the shales and carbonaceous beds numerous traces of the insect life have 
been obtained which was referred to on p. 1032. Spiders, scorpions, centipedes, limuloid 
crabs, and land-snails like the modern Pupa have also been met with, an especially 
rich harvest of organisms having been obtained from the erect tree-trunks of Nova 
Scotia {ante, p. 1033). The fish retnains comprise teeth and ichthyodortilites of selachian 
genera {(JteiiacantKus, Edeatna, Cladodua, Diplodua), and a numl)er of ganoids {Eurylepia, 
EUmkHhya, Cotlamnthva, Afegalichthya, Jthizodus, Ac.}. Several labyi inthodonts occur, 
besides the small amphibia from the Nova-Scotian trees ; and true reptiles are repre- 
sented by one saurian genus found in Nova .Scotia, the Eosaurua.^ 

In the Western territories the Upper Carboniferous rocks consist of a massive group 
of limestones 2000 feet thick, resting on Lower Carboniferous strata (" Weber Quartzite " 
of King), estimated at 6000 to 10,000 feet, but with no coals. 

The highest strata of the Carboniferous system in the United States are usually 
Wren of coal. The characteristic Lepidmlendra and' Sigillarine disappear and their 
place is taken by plants with Permian affinities (Pennsylvania, Ohio, W. Virginia), 

* * wliilst in Illinois, Texas, and New Mexico, Permian reptiles occur in this jwrt of the 
series, lii these regions no definite upper limit to the Hy.steni can bo found, as it shades 
upwards into strata which may represent the Permian series of Europe.* 

^ J. P. Smith, " Marine Fossils from the Coal-measures of Arkansas,” Proc. Amtr. Phil. 
Soe, XXXV. (1897). 

* On the classification of the Carboniferous system in Eastern Canada see H. M. Ami, 
Tntna. Jfova Beot. Inst. iki. x. (1900), p. 162L 

* See Re)x>rt to the International Oeolc^cal Congress, London, 1888, by J. J. Stevenson. 
Full details of the N. American Carboniferous system are given in Correlation Papers — 
Devonian and Carboniferous, by H. S. Williams, Bull. (4eoL Survey, No. 80 (1891). 
See also C. S. Prosser, Jount. Qevl. v. (1897), p. 148 ; vii. (1899), p. 342. C. R. Keyes, 

QeoL xxviiL (1901), p. 299. 



SoBtli imtrkWL— A large aeriee of marine tipper Carboniferous foaeili has boen 
obtained from the district of the lower Amazonas below the mouths df the Rio Negro 
and the Madeira. Five foesiliferous gronpe are known, 1000 to 2000 feet thick, among 
which a blue amorphous limestone is remarkable for the excellent preservation of its 
silicihed fossils. The list includes numerous s|)ecies of l*rodwi\is, Spirifer^ Athyri*, 
8trtptCThfHxhui,,AmaUopecUn^ Sehizodtu, Plrurotonutria, and Bdlrrophon, with species 
of litilliptia, OriffithuUs, Fu$ulina, and other foniis which, tliough specilically dia< 
tinct, remind one of the general type of the marine Carboniferous fauna of Europe.* 


Section V. Permian (Dyas): 

§ 1 . General Characters. 

The Carboniferous rocks are overlain, sometimes conformably, but in 
Europe also unconformably, by a series of red sandstones, conglomerates, 
breccias, marls, and limestones. These used to be reckoned as the 
highest part of the Coal formation. In England they received the 
name of the Xfw Red Sandstone ” in contradistinction to the “ Old 
Red Sandstone ” lying beneath the Carboniferous rocks. The term 
“ Poikilitic ” was formerly ])ro|>08ed for them, on account of their 
characteristic mottled appearance. Eventually they were divided into 
two systems, the lower l>eing taken as the summit of the I'aheozoic series 
of formations, and the upper a.s the haacment of the Mesozoic. This 
arrangement, which is mainly founded on the differenci* l>etween tho 
organic remains of the two divisions, is generally jidopted by geologists.* 

Following the usual grouping, wc remark that the portion of the red 
strata classed as Paheozoic ha.s received the name of “ Permian," from it« 
wide development in tho Russian province of Penn, where it was studied 
by Murchison, I)c Verneuil, and Keyserling. In Germany, where it 
exhibits a well-marked groujnng into two great series of deposits, the 
name “ Dyas,’’ proposed by Geinitz, has on that account been to some 
extent adopted. In North America, where no gootl line of subdivision 
can be made at the top of the Carboniferous system, the term “ Permo- 
Carboniferous " has been used to denote the transitional beds at the 
top of the Palaeozoic series, and this name has been proposed for use also 
in Europe and in Australia. 

In Euro[)e two distinct types of the system can 1 >e made out. In one 
of these (Dyas) the rocks consist of two great divisions; ( 1 ) a lower 
series of red sandstones and conglomerates, and ( 2 ) an njipcr group of 
limestones and dolomites. In the other (Russian or Permian) the stratti 
are of similar character, but are interstratified in such a way as to 
present no twofold petrographical subdivision. 

Rocks. — The prevailing materials of the Permian series in Europe 

* 0. A, Derby, Journ. Oeol. ii. (1894), p, 480. 

* Some writers, however, still contend that tlie red rock* of Europe Ijetwcen the Bummit 
of the Carboniferou* and base of the durasoic syBtem form really one great Berio*, the break 
between them being merely local. See, for example, 11. B. Woodward, Oeof. Mag. 1874, 
p. 385 ; 'Geology of England and Wales,' 2Dd edit. (1887), p. 207, and anthoritie* cited 
by him. 
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are undoubtedly red sandstones, passing now into conglomerates and 
now into fine shales or “ marls.” In their coarsest forms, these detrital 
deposits consist of conglomerates and breccias, composed of fragments of 
different crystalline or older Pal®ozoic rocks (granite, diorite, gneiss, 
micaschist, quartzite, greywacke, sandstone, A:c.), that vary in size up 
to blocks a foot or more in diameter. Sometimes these stones are well 
rounded, but in many places they are only partially so, while, here and 
there, they are quite angular, and then constitute bi-eccias. The pebbles 
are held together by a brick'-red ferruginous, siliceous, sandy, or argilla- 
ceous cement. The sandstones arc likewise characteristically brick-red 
in colour, generally with green or white layers and spots of decoloration. 
The “ marls,” showing still deeper shades of red, and passing occasionally 
into a kind of livid purple, are crumbling sandy clay-rocks, sometimes 
merging into more or less fissile shales. Of the argillaceous beds of the 
system the most remarkable are those of the Marl-slate or Kupferschiefer 
— a brown or black often distinctly bituminous shale, which in certain 
parts of Germany is charged with ores of copper. The limestone, so 
characteristic a feature in the “ Dyas ” development of the system, is a 
compact, well-bedded, somewhat earthy, and usually more or less dolomitic 
rock (Zechstoin). It is the chief repository of the Permian invertebrates. 
With it are associated bands of dolomite, either crystalline and cavernous 
(Rauchwacke) or finely granular and crumbling (Asche); also bands 
of gypsum, anhydrite, and rock-salt. In certain localities (the Harz, 
Bohemia, Autun) seams of coal are intercalated among the rocks, and 
with these, as in the Coal-measures, are associated bituminous shales and 
nodular clay-ironstones. In Germany, France, the south-west of England, 
and the south-west of Scotland, the older part of the Permian system 
contains abundant contemporaneous masses of eruptive rock, among 
which occur diabase, molaphyro, andesite, tuffs, agglomemtes, and various 
forms of qiiartz-porphyry. 

Reference has already been made to the occurrence of breccias 
containing striated stones in the Midlands and west of England, and to the 
possibility that these rocks, which have long been accepted as of Permian 
age, may be more naturally placed near the top of the Carboniferous 
system. No satisfactory line can be drawn between the two systems in 
that region, and the breccias have accordingly been described together 
with other evidence of possible glacial action in Permo-Carboniferous 
times (pp. 1060, 1067-1060). 

The Permian system in the greater pai’t of Europe, from the prevalent 
red colour of its rocks, the association of dolomite, rock-salt, saliferous 
clays, gypsum, and anhydrite, and the reifiarkably impoverished and 
stunted aspect of its fauna, has evidently been deposited in isolated basins 
in which the water, cut off more or less completely from the sea, under- 
went concentration until chemical precipitation could take place. Ix)ok- 
ing back at the history of the Carboniferous rocks, we can understand 
how such a change in ph3r8ical geography was brought about. The Car- 
boniferous Limestone sea having been by upheaval excluded from the 
region, wide lagoons, wherein coal -forming vegetation accumulated. 
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occupied its site, and these, as the land slowly went down, crept over 
the old ridges that had for so many ages been prominent features. The 
downward subterranean movement was eventually varied by local eleva- 
tions, and at last, after the close of the Carboniferous period, the Permian 
basins came to be formed. As a result of these disturl^nces, the Permian 
rocks overlap the Carboniferous, and even cover them in complete dis> 
cordance, the denudation of the older formations having been, in some 
places, enormous before the Permian strata were laid down.^ 

In Southern Europe and thence eastwards, abundant evidence of open 
seas is supplied by limestone containing a rich pelagic fauna of forainini- 
fera, gasteropods, orthoceratites, and early precursors of the ammonites. 

Lifk. — T he conditions under which the Permian rocks of the greater 
part of Europe wore deposited must have been eminently unfavourable to 
life. Accordingly we find that these rocks are on the whole singularly 
barren of organic remains. So great is the contrast between tlicm and 
older formations, that instead of such rich faunas as those of the Silurian, 
Devonian, and Carboniferous systems, they have yieldcrl only somowhoro 
alx)ut 300 species of organisms. 

The flora of the older Permian rocks presents many |X)int8 of resem- 
blance to the Carboniferous.- According to (imnd’ Eury upwards of 50 
species of plants are common to the two floras. Among the forms which 
rise into the Permian rocks and disappear there, are (\ilamites Siickowii., C. 
(ippro.rimituSj Asterophi/llites equvidiforittis, A. nt/idu.^ IW&ptfiis degans^ 
(hlontopteris Schlothimiiy Sigillaria Hrardii (and others), Sfigrnarw ficoide,^ 
('ordaites borassi/oUu.% See. Others, which arc mainly Permian, are yet 
found in the highest coal-beds of France, e.g. Calamiie.'i guja,% C(dam(4endron 
druiiurn^ Arlhropitus ezomtitty Ti^niopterin abnormis, IValcMa piniforrni..% &c. 
But the Permian flora has some distinctive characters ; sjich ns the variety 
and quantity of the ferns united under the genus (*aIlipU‘ns^ which do 

* In some places, the whole of ll*e Carbomferous system l»a<l Wen worn away «lowii to 
the Csrboniferou.s Limestone, upon which the Penman !»andstone,.s and conglomerates have 
been directly deposited. The di8t<jrdauce, howev«-r, sometimes disap]>oarH, and then the 
( 'arbouiferouH and Permian rocks shade into each idher. 

* See Gdppert’s ‘Die Fossile Flora der Perimschen Formation,’ Cassel, 1861-65. K. 

Weiss, AbhuHtil. Prm-gn. linjl. lynuirmnst, in. Heft 1. 11. Potonie (Flora of tlie 'Hiuringiau 

Rothliegende), op. cU. Xeue Folge, Heft 9 ; and “ Dh- llonstische Oliedening des Dentschen 
Carbon und Penn,” op. cU. Heft 21. In this last p.iper, Potonie has recognised ten 
successive floras from the ba.se of the Carlwniferous .system up into the Zechstein. Of these 
six are Carboniferous, viz. ; — I. Tl\e Culm, with AichAopfj^rit and abundant species of 

BhMta. II. The Hultschiner Bchiohteu of Up|ier Hilesia, with AdmntU^i cM.ong\foliuH and 
^imopUri* eUgnm. III. AsUrocalam,ite» extends thus far, and from here onward e.omes 
Marioplcria muricata ; Fai'ularia ione. IV. Upper limit of tScMfhani •, many 

true Sphenoptcrids, PalrtuUopUrU furcAita^ Ixmcbopteris, kc. ; the richest flora in sp«'ciea. 
V. A flora similar generally to the last ; from here onward, Annuhria tUUaia. Vd. Abun- 
dant Pecopterids ; from here onward, Sigdlaria. Brardii. VII. Base of the Permbm Roth* 
liegendes, with CalHptervt and Waichia, VIII. To this jmhit come Euccdamiieii and 
Caiamitim, but Carboniferous types are waning. IX. StylocalamU.tn ascends to this 
division, and from here onward come UUnuinnia Bronni and Baiera digitaUi. X. Zechstein ; 
hence onward Voltnu appears. 
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not occur in the Coal-ineasures, the appearance of Qlossoptem and Oanga- 
mopte^is,^ the profusion of tree-ferns (Psaronius^ of which 24 species are 
described by Goppert, ProtopUris, Cavlopteris, Zygopteris^ Asterochlsem^ 
SeUnochlmm^ Tempskya^ Medullosa, &c.), of Equisetites {Calamites major, 
C. decumtuSy C. striatus, Arihropitm), and of the conifers (Wakhia pini- 
formiSy ff"'. Jilicipjrmis, fV. hypmid^A, Ulmannia Bronni, U, lycopodioideSy 
Foltzia hiagom, Piceites, Araucarioxylort). The most characteristic plants 
throughout the German Permian groups are Odontapteris dbtusMa, Cdlipteris 
confertu, Calamites gigas, and Walehia piniformis. The higher Russian 
subdivisions of the system, and also corresponding rocks in India, 
Australia, and other southern regions, contain what is called the Glossopterisr 
flora, with (J. indicUy G. angmtifoliay G. stricta, Gangamopteris majm', G. cyclop 
teroides. The last representatives of the ancient tribes of the Lepidodendra, 
Sigillarioids, and Calamites are found in the Permian system. Cycads 
now gained increased importance in this and succeeding geological periods. 
Among their Permian forms are the genera Pkrophyllum and Psygophylluw. 
In extra-Kuropeati Permian arefis a marked commingling of Northern 
and Southern types of vegetation has been observed, forms of FoUzm, 
Ptcinphylluniy and Glossopteris being there prominent, together with species 
of Leiwhxiendron and Sigillaria^ 

The im|M)verishcd fauna of the Permian rocks of Central Europe is 
found almost wholly in the limestones and brown shales, the red con- 
glomerates and sandstones being, as a rule, devoid of organic contents. 
A few comls (Polyccelia) and polyzoa (FencsidUiy Phylloporay Synochulidy 
PfuirnnkcuSy Acanthorladia) occur in the limestones, the latter sometimes 
even in continuous masses like coral-reefs, as in the dolomite-reef of S.R 
Thuringia. The last of the cystidean echinoderms died out in Permo- 
Carboniferous time. Among the brachiopods (B"ig. 411 o, h), of which 
some 30 species are known, the most conspicuous are forms of Productus, 
Camaroplmuiy Spirifer, A tliyiiSy Strophalosiay ( 'hmdesy Chonetimiy and Anlosiegcs. 
The long-lived families of the Productida?, Orthidie and Pentameridse now 
appear for the last time. Lamellibranchs are not infrequent, characteristic 
genera being Schhoiius (Fig. 411 d), Allorisnuiy Solemya, Edmondia, Plmro- 
phoruSy Parallelodon, AucdlOy Pseudomonoik, BaJcevellia (Fig. 411 r), and 
Pecten (Streblopteria), while the Russian brackish or freshwater strata 
contain Palseomutela and OHgodon. Among the few gasteropods, forms of 
NaticapsiSy Turbo, Murchisonia, Pleurotomaruiy Cifmatorhiton,. and Plagioglypta 
have been recorded. An occasional TemtiocheiluSy Ortlwcctas, or Cyitocmis 
represents the rich cephalopodan fauna of the Carboniferous Limestone. 
The last trilobites {Phillipsia) have been found in the Permian rocks of 
North America, 

* TheM ferns, however, are found, a« we hav« Men, in the Upper Carboniferous or Perntjo- 
Carbonifcrous rocks of Australia (p. 1059). 

* Zeiller has reconled the aMociation of Ganffamoj^eris with I^pidwitndron and 
Lepidopkloios in the coal-beds of Rio Grande do Sol in Brazil {B. S. G. F. xxiii. (1895), p. 
601). A Lepidodeudron has been met with in Argentina among the G/oMopfms-flora {Kec. 
Gftol. Burv, Juduty xxix. Part ii. (1896), p. 68), and Sigdlnria in similar company in South 
AfHca (A. C. Seward, g. /. G. & Hii. (l'897), p. 316). 
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It is not» however, from the sitee of the brackish inland seas of 
western and central Europe that we can obtain the best conception of 
the animal life of Permian time. If we pass southwards into the Alps 
and the Mediterranean basin, or eastwards into the Uralian region and 
thence into India, we find that while some of the European forms extend 



411.— r<*rtnian nntcIii4>po(lfl and MoIhiHtcH. 

u, Htrophaloaia Ooldfu«Hi, Mimst. ((>iilar,;;(>d) ; h, FruductuH liorrldu*. How, ; c, llMk*»\*‘llia 
tiimida, King ; ti, Hchizodua BrhloUiAmiii, (•(•init^ 


into these areas, they are accompanied by many hundreds of other 8[>ecie8. 
One of the most remarkable features in this richer pelagic fauna is 
the great number of the cephaloiKxls and the affinities which many of 
them present to the Ammonites so characteristic of Mesozoic time.* 
Among the Permian genera of this type an» MedHcotHUy Pojmno- 



*^ig. 412.— PalvoiiUrus macropoiuua, Ag. (i) Kupfnracliiafnr. 
From • matoration by br. Truiiuiir. 


ceros, SUtcheouras, Thalamceras, and fFtiagenoceras. They are associateil 
with many forms of Orthocems^ GijrocertiXy and some which have l)een called 
NauUlus (though probably belonging to other genera) — ^a blending of 

^ On the structure and classification of the Permian Ammonites see £ Hang, B. .S', f/. S. 
axil (1694). p. 366. 
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Paleozoic and Mesozoic types which is much less clearly shown in central 
and western Europe. 

Fishes, which are proportionately better represented in the European 
Permian rocks than the invertebrates, chiefly occur in the marl -slate or 
Kupferschiefor, the most common genera being PalaBoniscus (Fig. 412), 
which is specially characteristic, Flatysomus (Fig. 413), PygopteruSy 
AcanthodeSy AerolepiSy and Amblyptems. 

Amphibian life appears to have been abundant in Permian times, 
for some of the sandstones of the system are covered with footprints, 
assigned to the extinct order of I^bvrinthodonts. Occasional skulls and 
other bones have been met with referable to ArchegosauruSy BranrhiomiruSy 
(Protritony Pleuroneura), Zygosaurusy &c. The remains of comparatively 
few forms, however, had been found until the remarkable discoveries of 
Dr. Anton Fritsch in the basins of Pilsen and Itakowitz in Bohemia. The 
strata of these localities have l)een already (p. 1055) referred to as contain- 



Vig, 413. -riatynomuH strintiw, Ag. (i), MagtiHaian I.imcHtoiio, 
K*wtoml by Dr. Tntquaii. 


ing an abundant and characteristic coal-flora, yet with a fauna that is as 
decidedly like that of known Permian rocks. According, therefore, as we 
give preference to the plants or the animals, the strata may be ranked as 
Carboniferous or as Permian. Of the numerous Saxon and Bohemian 
species of amphibians, Professor Credner in Dresden and Dr. Fritsch in 
Prague have published elabomte descriptions. Among the genera are 
Bramhios(\uni$y a form resembling an earth-salamander in possessing gills, 
and of which the largest specimen is only about inches long), Sparodnsy 
Ilyl&twmtiSy DawsonWy Mehnerpeiotty Dolichosonmy Ophiderpeioriy Macramerioiiy 
UrocordyluSy Lmneipehm, Ilyloplfsimiy Sfeleyay MkrohrvehiSy DiplospondyluSy 
Nyranui, and Dendrerpehn, Some of these forms are remarkably small. 
The adult Protritonidue, for instance, were only from 2J to 6J inches 
long. Other types, however, attained a much larger size, Patasosireny for 
instance, being estimated to have bad a length of 45 feet.' From the 
* A. Fritsch, * Fauna Jer Gaskohle und der Kalk.steine der Pemiformation B<')hmens/ 
Pry. 1881. See also H. Credner on SUgocfpKali from the Rothli^endes of Dresden, 
r. D. O. 0. 1881-86. E. D. Cope, Amer. yat, xvUi. (1884). 
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C(»:re 8 ponding strata of Autun in Central France, M. Gaudry also de- 
scribed some interesting forms — Adinodon, liranehiosaurus, Euthirosaurus, a 
larger and more highly organised type than any previously known from 
the Palaeozoic rocks of France, but inferior to another subseqiieittly found 
at Autun, which he named Steieorhachis^ and which was distinguished by 
completely ossified vertebrae and other proofs of higher organisation that 
connect it with the Theriodonts of Russia and Southern Africa and with 
the Pelycosaurians of the United States.^ Various other anomodont 
reptiles have been met with, referable to a number of genera (Pareiasaurus^ 
&c.). Of still higher grade were other types, to which the names AToosaums, 
Clepsydr&pSi Prottrosaurus, and Palteohatteria (Rhynchocephalia) have been 
given. Some remarkably successful researches have in recent years been 
carried on by Professor Amalitzky among the Russian upper Permian forma- 
tions, where he has disinterred fifteen or twenty skeleUms of Parnasaurus, 
some of which must have been four metres in length, four skeletons of 
reptiles resembling the Rbopalodonts, st>rae Immics belonging to Dicyno- 
donts, many new genera of Theromorphs and probably of Deinosaiirs, 
and lastly some stcgocephalian skeletons (Mektterpeton and others).^ 
Other traces of the terrestrial life of the time are furnished by the 
occasional occurrence of the remains of orthopterous insects,^ scorpions, 
and millipedes. 

No satisfactory scheme of subdivision of the Permian system has yet 
l)een devised ca{>able of general application. In Kimipe, where the 
terrestrial and marine types of sedimentation are 'so well develojwd, it 
hiis been proi)08ed to adopt a threefold arrangement. The lowest sub- 
division, which has been named Auturiiaii (from Autun in France, whore 
it displays the type with a terrestrial flora) or Artinskian (from Artinsk 
in Russia, where it presents the marine facies), includes Carboniferous 
genera and even species of plants and animals, but with a pro})ortion of 
novel forms. The middle includes the Red SandsUines, which in Saxony 
and the north-west of England attain such development, and has been 
termed Saxonian. The upper comprisoa the English Magnesian Lime- 
tones and German Zechsteiii, and as it is typically displayed in Thuringia 
it has received the name of Thuringian. 

§ 2 . Local Development. 

Britain.^ —In England on a small scale, a repreMoutative is to be found of the two 
conti-aated types of the Eurojwan Permian system. On the east side of tl»e island, from 

* Gaudry, B. S. O. F. vu. (3 ser.) p. 62 ; ix, p. l7 ; xiu. p. 44 ; xiv. pp. 480, 444. 

* Ives Enehai Dements du Monde Animal,' 1888 ; Arch, Mu*. Nat. Pari*, x. (1887). 

“ Compt. rewi. March 1901 ; Seeley, PhU. Tran*, clxxzv. (1894), p. 668. 

* E. Geinitz, Neut* Jahrb. 1873, p. 691 ; 1876, p. 1 ; AW, Aei. Ltutp. Card. xli. 2 
(1880). 

« Sedgwick, Tran*. Oeol. Soe. (2) iU. (1835) p. 87 ; iv. 883. De U Beche, 'Geology of 
Cornwall, Devon,' &c. p. 198. Murchison, ‘Slluria,’ p. 308. W. King, ‘Monograph of 
the Permiu PonUs,’ Palwontog. fine. 1850. Hull, 'Triassic and Permian Kocka of Midland 
Counties of England,’ in Mem. tJed. vSnrr. 1869; J. </. «V. zzv. 171 ; xziz. p. 402; 
zlvUi. p. 60. Ramsay, op. at. xxvii. p. 241. Kirkby, ei/. xHi, xvi. zvli. zz. E. Wilson, 
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the coast of Northamberland soathwards to the plains of tha Trent, a troe ** Djas ” 
deralopinent is exhibited, the Magnesian Limestone and Marl Slate forming the main 
feature of the system ; on the west side of the Pennine chain, however, the true Permian 
or Russian facies is presented. The system is in this country moat nearly complete in 
the north-western and south-western counties of England. Arranged in tabular form 
the rocks of the western and eastern areas may be grouped as follows : — 

Red Mudstones, clays, and gypsum . 

Miigneslau Lirnestoue 

Marl slate 

Lower red and variegated saiidbtone,' 
reddish brown and purple Mnd- 
stones and marls, with calcareous 
conglomerates aud breccias . 

Lower Sandstone.— This subdivision attains its greatest development in the vale 
of tha Eden, where it consists of brick -red sandstones, with some beds of calcareous 
breccia, locally known as brockraro,” derived principally from the waste of the Car- 
boniferona Limestone. These red rocks extend across the Solway into the valleys of the 
Nith and Annan in the South of Scotland, where they lie unconformably on the Lower 
Silurian rocks, from which their breccias have generally been derived, though near 
Dumfries they contain some **hrockraro.” The breccias liave evidently accumulated in 
small lakes or narrow fjords. In the basin of the Nith, and also in Ayrshire, numerous 
small volcanic vents and sheets of diabase, picrite, olivine -ba.salt, andesite ami tuff are 
associated with the red sandstones, marking a volcanic district of Permian age. The 
vents rise through Coal-measures, as well as more ancient rocks. Similar vents in 
Fifeshire, also piercing Coal-measures, have been referred to the same volcanic period. 
Of these vent.v no fewer than eighty have been observed in a space 12 miles long by 6 
or 8 broad between St. Andrews and Laigo. In Devonshire similar rocks mark the out- 
iwuring of lavas in the early part of the Permian period. * But these volcanic pheno- 
mena were on a feeble scale. They are interesting as marking the close of the long con- 
tinuance of volcanic activity during Palwozoic time. Neither in Britain nor, save at one 
or two places on the Continent, has evidence l)cen found of renewed eruptions during 
the long lapse of the Mesozoic ages. 

In Central England, Staffoi-dshire, the districts of the Cleut aud Ablwrley Hills aud 
the lower basin of the River Severn, the rock» hitherto classed as Permian have been 
saltdivided into three groups : 1st, Lower Sandstones and marls, 860 feet ; 2nd, Breccia 
and conglomerate group, averaging pcrha|>8 200 feet in thickness, with bands of calcareous 
conglomerate and the remarkable “trapjioid” breccia which Ramsay adduced as 
evidence of glacial action (p. 1060) ; 3rd. Upper Sandstones and marls, 300 feet. The 
lower of these groups has been shown from its fossil contents to be really a part of the 
Upper Coal-measures, while the uppermost has much affinity with the Trias.® There 
ap[)ear8 to be no doubt that there is a practically unbroken series of red strata 1500 
feet thick extending downwards into unquestionable Coal-measures and upwards into 


op. eit. xxxii. p. 6,S3. D. C.. Davies, op. cit. xxxiiL p. 10. H. T. Brown, op. cit. xlv. p. 1. 
H. B. Woodward, i’ffol. Mag. 1874, p. 886 ; ‘Geology of England and Wales,’ p. 210. T. 
V. Holpies, J. 0. S. xxxvii. p. 286. W. T. Aveliue and H. H. Howell in various Memoirs 
Oeol.Snrv. T. O. Bonuey, ifkflaiuf AWtfriafiif, xv.( 1892). W.W. King, of. xvi. (1898), 
p. 26 ; Q. J. O. S. Iv. (1899), p. 97. R. D. Oldham, op. d/L- 1- (1894), p. 463. 

^ A. G., deal. Mag. (1866), p. 243 ; Q. J. O. S. (1892), Prasid. Address, p. 147, and 
‘Ancient Volcanoes of Great Britain,* vol. ii. The Fife volcanic vents have been described 
by me in detail in the Geol. Surv. Memoir on Eastern Fife, 1902, chape. xvii.-xz. 

* T. C. CaniriU, Q. J. O. S. IL (1895), p. 628. W. Wickham King, up. cit. Iv. (1899), 
p. 97. 
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E. of England. 
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the Trias. Hov much of this mast of aediments ahouid ba callad Penuiao, and whtrt 
tht lioM of separation are to be drawn, it trill undecided. It will thus be seen that 
the remarkable breccias above referred to ounie iuto tbit debatable ground. They have 
generally been called Permian, but as the series of strata in which they lie pastes down 
conformably into the Coahmeasures, they may be claimed as Carboniferous, there being 
no decisive palieontologioal evidence to fix their stratigraphical horizon. 

Like red deposits in genera], the Lower Permian strata are almost barren of organic 
remains. Such at occur are indicative chiefly of terrestrial surfaces. Plant remains 
oocasionally appear, such as Ullmannui, lAjndodmdroti, Cafumith, Utembeiyia, 
Dadwyltm, and fragments of coniferous wood. The cranium of a lahyrinthodont 
[Dasycepa) haa been obtained from the Lower Permian rocks at Kenilworth. Footprints, 
referred to members of the same extinct order, have been observed abundantly on the 
surfaces of the sandstones of Dumfriesshire, and also in the vale of the Eilen. 

Magnesian Limestone Group. —This subdivision is the chief rejKisitory of fossils 
in the Permian system of England. Its strata ai'e not roil, but consist of a lower zone of 
hard brown shale with occasional thin limestone bands (Marl Slate) and an u]t|)«r thick 
mass of dolomite (Magnesian Limestone). The latter is the chief feature in the Dyas 
development of the system in tiie east of England. Corres^ionding with the Zeclistein 
of Gpimany, as the Marl Slate does with the Kupferschicfer, it is a very variable rock 
in lithological characters, being sometimes dull, earthy, finc-gtaineti, and fossiliferoua, 
in other place.s quite crystalline, and composed of globular, leiiifonn, botryoidal, or 
irregular concretions of crystalline and fretiuently internally radiating dolomite. It is 
divisible in Durham into three sections — Ist, Lower con]|iaet limestone, aliout ‘iOO feet 
thick : ‘2nd, Middle fossiliferoua and brccciform limestone, 150 feet ; Srd, Up|)er yellow 
r’oncretionary and Ixitryoidal limestone, ‘2G0 feet. The Magnesian Linicstone runs as a 
thick i^rsistent zone down the east of England.* In southern Yorkshire it is split 
iqi by a central zone of marls and sandstones with gyjisum.*'* It is reprewnted on the 
Lancashire, Cheshire, and Cumberland (Penrith) side by bright red and variegated 
.sandstones covered by a tbin grouf) of red marls, with numerous tiiin courses of lime- 
stone, containing Sehizoiiug, BaJctvfllia and other characteristic fossils of the Magnesian 
Limestone. Murchison and Karkness have classed as Cpjier Permian certain red sand- 
stones with thin partings of re<l shale, and all underlying band of red and green mails 
and gypsum. At Hilton Heck, Westmorland, a nninUtr of Permian plants have been 
found (SphanopUria Naumanni, S, dichotvvficu, Alethvpter\$ Goepperti, Ulvumnin teluyi- 
nmdfs, U. Bronni, Ac.), and there occur also thin coal-seains in the Han)c series of strata. 

The Miignesian Limestone group of the north of England has yielded about 150 
species Wlonging to some 70 genera of fossils— a singularly {ioor fauna when contrasted 
with that of the Carlioniferous system below. The brachiopods include Produdua 
horridiia, Spirifer alatus^ Camarophoria hnvtbletonenaia, t\ Schlotheimit, Btrnpfialoaia 
frold/uaai, Lingula Crednrri, and Terebralula (IHelaama) fJmigata. Of the lamelli- 
branchs Bchizqdua Behlolheimii, Bukavellia (nmida, B. aniiqiia, B. crraJtojdioya, Mytihia 
aquanwauSt and PaTolldodon airiatua are characteristic. The univalves ate represented 
by 10 or more genera, including PleuroUnnaria and Turbo as common forms. Nine 
genera of fishes have been obtained chiefly in the Marl Hlate, of which Palaaoniacua and 
Platyaomua are the chief. These small ganoids are closely related to some which 
haunted the lagoons of the Carboniferous period. Some reptilian remains have lieen 
obtained from the Marl Slate, parricnlarly ProUrwiurua Spemri and P. HurUyi, while 
the amphibian Lepidotoaauma Duffi,i has been found in the Magnesian Limestoneu 

* In a boring at Whitehoose, Norton, in the Tees district, the limestone wss fouml to 
only 209 feet thick — the thinnest development of it yet found in Durham. 

* Some borings made in the Hartlepool district a few years ago showed the limestone to 
be there interleaved with anhydrite, ami to he overlain with more than 250 feet of that 
deposit. 
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Fine sections are exposed on the south coast of Devonshire of coarse breccias and red 
sandstones, which have been assigned by some writers to tjie Trias, by others to the 
Permian aeries. They rest unconformabiy on Devonian strata, and have been derived 
from the degradation of these rooks. At many places in the interior to the west of 
Kxeter bands of basic amygdaloidal lavas are intercalated in them, like the volcanic 
sheets above noticed as intercalated in the Pennia^ sandstones of Scotland.^ Owing to 
the ap{Hirent passage of these red strata upwards into others which graduate into the 
base of the Lias, and are undoubtedly Triassic, the whole series of red sediments has 
not unnaturally been regarded as referable to the Trias. The resemblance of the lower 
parts of this scries to Permian rocks, however, coupled with the occurrence of volcanic 
bands in them, has been held to justify the separation of these lower breccias and sand- 
stones from the rest as reitresentatives of the Permian series of the Midlands.^ 

Qermany,^ dw.— The “ Dyaa " type of the system attains a great development along 
the Hank of the Ilarz Mouiitaina, also in the Rhine pi'oviticc,'* Thuringia, Saxony, 
Bavaria, and Bohemia. On the south side of the Harz it is grouped into the following 
stilxli visions :~- 

Anliydrite, gypsum, i-ock-salt, marl, dolomite, fetid shale, and lime- 
stone. The amorphous gypsum is the chief member of this group ; 
the limoMtoiie is sometimes full of bitumen. 

(Iryatolline granular {Haurhwacke) and tine [jowdery (JscA/') dolo- 
mite (sometimes 150 feet thick, with gypsum at the bottom). 
Zechstein-limeatone, au argillaceous thin-bedded compact limestone 
lf» to 30 (HOinuiimes even 90) feet thick. 

Kupferschiefer— ablack bituminouH shale not more than about 2 feet 
thick. 

Zuch.steiii-cougloinonite, and calcan'ous sandstone. 

Red sandstones {Kreuziuu'h), red shales {Moiiziy), with sheets of 
melaphyre, tuff, and quartz-porphyry conglomerate 
aaiidstoues and conglomerates lying on black shales with poor coal- 
seams (Lebai'h). 

Sandstones and shales, with some .seaims of eoal resting on red and 
grey sandstones, with bands of impure limestone (Cusel). 

The name " Rothliogeiidcs,’' or rather “ Rothtodtliegeudes ’* (red-layer or red -dead- 
layer), was given by the minora because theii ores disapiKjarod in the red rocks below 
the copiicr- bearing Kupforaehiefor. The coarse conglomerates have been referred by 
Ramsay to a glacial origin, like those of the Abberley Hills. They attain the enormous 
thickness of 6000 feet or more in Bavaria. One of the most interesting features of the 
formation is the evidence of the conteniporancous protrusion of groat sheets of quartz- 
iwrphyry, gi-anite-porphyry, jiorphyrite, and melaphyre, with abundant interstratifi- 


* See B. Hobson, Q. J, (/. *S. xlviii. (1892), p. 496 ; ‘ Ancient Volcanoes of Great Britain,’ 
vol. ii. and Teall, in Sumnuiry of Prog rtjta nf (Jeol. Sun). 1899, p. 170. 

* Hull, Q. J, fir. .S’, xlvUl, (1892), p. 60 ; A. Jrviug, op. cU. xliv. (1888) and xlviii. p. 68. 
® H. B. Qelnitz, “Dyas cnler die Zechsteinformation und das Rotbliegende,’ ‘Die 

animalischen Ueberreste der Dya.s,’ 1861-62, Suppl, 1880-82; ‘Zur Dyas in Hessen,’ 
Festach. Verr. f. Xaturk. Cassel, 1886. Geinitz and Gutbier, ‘ Die Versteiuerungen des 
Zoobsteinsgebiige,’ &c. 1848-49. C, E. Weiss, ‘ Fossile Flora der jungst. Steiukobleuf. 
und des Rothliegend. ’ Ac. 1869-72. Much recent information will be found in the publica- 
tions of the Geological Surveys of Prussia, Saxony, and Alsace-Lorraine. See, for example, 
E. W. Benecke and L. van Wervecke, Otol. LaiuUaatut. Elaaaa-Lothr. iii. Part i. 

(1890). A. von Reinach, .45Aan«U. K. Preuu. Otol. Landeaanat. 1892, Heft 8. F. Freeh, 
^Lethisa Palieozoioa,’ ii. Lief. 3 and 4, 1901, 1902. 

* For an account of the Permian development in this region, see especially H. von 
Decheu, ‘Qeolog. und Palsoont. Ubenioht der Rheinproviiix und der Provinz Westfalen/ 
Bonn (1884), p. 291. 
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catioiuof tarioot toflt, not unfrequently eudotiog oiganic remain*.^ In the diit^t 
of the Seal theie yoloanic meterieU form elmoet the whole of the Lower Rothlirgendee, 
and have been bored through to a depth of more than 1100 fathoine without their 
bottom being reached. The lowest or Landsberg-Lobejuner porphyry with large 
crystals has been computed to cover an area of 255 to 260 sqiure kilometers, and to 
contain at least 80 cubic kilotnetcis of material — a mass which may equal or exceed 
that of the eruption of Skaptar ♦bkul in 1786.* From the very nature of its 
component materials, the Ruthliegendea is comftaratively barren of fossils ; a few ferns, 
calamites, and remains of coniferous trees are found in it, ^wrtieularly in the lower part 
of the group, where they form tliin seams of coal. 

Tlie plants, all of terrestrial growth, on the whole resemble gcneriually the Carboni* 
ferous flora, but seem to bo nearly all a{)ecitically distinct. They include forma of 
CeUamitea (C. yijjwa), Asterophyilites, and ferns of the genera Catlipferia (C. eoi^erta), 
Sphenapteria, Alaiho/ttgria, AVureptens, OcUmiopUriay with well-preserved silioified stems 
of tree-ferns {Paaroniua, TuUaiufia), Cotxiai/ea, and conifers. The conifer IP'akhin 
( tV". pini/ormia) is i>|)eciaUy characteristic. The mollusks have a fresh-water or lagoon 
facies (Anlhracoaia). There occur also s|)ecies of oatracoda {Eatheria)^ while occasional 
traces of insects {Biattina, EhhlaiUna) liave been met with. Fish remains occur 
sparingly {Awblypterua, Palxoniagtia, AMntkodea, Plnirneanihua, Ctenodua), while, sa 
already 8tate<l, labyrinthodonts have Iieeii fouiul in the Dresden district m oonaideis 
able number and variety. 

The Zechsteiu group is characterised by a suite of fossils like those of the Magnesian 
Limestone group of Englainl. The Kupferachiefer contains numerous fish (PalaNmiaeus 
Fnualcheiiit Pitilyaomna yibbosua, &c.) and remains of plants (coniferous leaves and 
fruits, UUmannm, kc.). This de{>osit is lielieved to have been laid down in aome 
enclosed sea-basin, the waters of which, probably from the rise of mineral springt 
connected with some of the volcanic foci of the time, became so charged with metallic 
salts in solution as to be untit for the continued existence of animal life. The dead 
tisli, plants, &c., by their decay, gave rise to reduction and precipitation of these aalte 
as sulphides, which tliereuiion enclosed and replaced the orgaqic forms, and permeated 
the mud at the bottom. This old sea-iloor is now the widely-extended band of copper- 
slate which has been so long and so extensively worked along the flanks of the Harz. 
After the formation of the Kupferschiefer the area must have been once more covered 
with clearer water, for the Zechstein Limestone contains a number of marine organisms, 
among which Pruduciua horruiua, Spirifer alaiua^ Strophaloaia Ovld/usti, Terebratula 
{JJi(laaina) dongata^ Cainnropkoria Schlothcimii, Schixodva abacurua, and Fetuatella 
reti/ormia are common. Renewed unfavourable conditions are indicated by the dolomite, 
gypsum, and rock-salt which succeed. Reasoning upon similar phenomena as developed 
in England, Ramsay connected them with the abundant labyriiithodont footprinte and 
other evidences of shores and land, as well as with the small number and dwarfed forms 
of the shells in the Magnesian Limestone, and speculated on the occurrence of a long 
“continental period” in Europe, during one efnich of which a number of salt inland 
seas existed wherein the Permian rocks were accumulated. He compared these deposits 
to what may be supposed to be forming now in parts of the CaspUn Sea. 

Some of the deposits of the Zechstein in (lerinany have a great commercial value. 
The betls of rock-salt are among the thickest in the world. At Sperenberg, near Berlin, 
one has been }iierced to a depth of nearly 4000 feet. Besides rock-salt and gypaum 

• 

* The petrography of these rocks (augite-porphyrite, basaltic, diabasic, and doleritio 
melaphyres) is described from the Upper Permian series of the Palatinate by A. Leppla, 
Jahti. Prauaa. Oeol. Landeaanal. xiv. (1898) p. 184. 

* F. Beyschlag and K. von Fritsch, ANiaatd. Pnuaa. Oeol. Landeaanat., Neue Folge, No. 
10 (1900), p. 162. 
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there occur with tiiose de]x)iitii thick inaeees of salte of potash (Camallite), XDOgnesia 
(Kiescrite), and other salts. ‘ 

In Koheiiiia (|)p. 10o4, 1068} and Moravia, where the Permian system is exten- 
sively ilevelo}>e<l, it has been divided into three groit|t8. (1) A lower set of conglomerates, 
sandstones, and shales, sometimes Mtuminous. These strata contain diffused copper 
ores, and abound here and there in remains of Und-plants and fishes. (2) A middle 
group of felaf>nthio sandstones, conglomerates, ana micaceous shales, with vast numbers 
ofsilicified tree-sterns (Araucaritfa, PmruniuB). (3) An upper group of red clays and 
sandstones, M-ith bituminous shales. Kruptive rocks (melaphyre, porphyrite, Ac.) are 
associated with the whole formation. The Zechsteiii is here absent. In place of the 
marine shells, crinoids, and corals so characteristic of that formation, the Bohemian 
I'ermian strata have yielded the remarkable series of amphibian lemains already alluded 
to, together with abundant tra(;es of the hind of the |)eriod, such as remains of orthop- 
terous insects, scorpions, millipedes, and a rich terrestrial flora Aewroptem, 

OdontnpfrrL't, Pecopterin, AldhopteriH^ CaHiptcris con/ei'hx, Schizopteris^ CalaniUcs, 
AateropfipUileA, Spheiu/phi/llum, Jjrpidodcndron, S'iffillaria, JValchin, Araiicariorylou). 

Voagaa.— In this region the following succession of strata has been assigned to the 
Permian eystein : - 

4. Koldbfieliel group of red arkose.s, fclspnthie sandstones, shales, conglomerates, 
breceias, and dutoinite, 500 to 600 feet, with intercalated sheets of inela- 
phyre.s and tuft's. 

.'t. Vunegntetl tnlls ainl marls of Muiseidniekel. 

2. Diii k shales, limestones, and dolomites of Heisensteui. 

1. Arkose and shale e<o{/'e/V«), with eonglomerate (sometimes l.'iO feet 

thick), containing blocks of [K)f|)liyry, gneiss, fjuartz, Ae, filling up hollows 
of the crystalline schist.s on wliich tliey lie nnconformably. 

The existeneo of voleanic action during Permian time in this legion i.s shown hy 
the prc.seiiee of inters! ratified basic lava.s, and by the great (piantity of fragments 
of (juart/-|X)rphyry in the cnnglomerate.H, which have been eomp.iri‘(l to voleanic 
•ggloinerates.’^ 

Franco, fto. - -Perniian rocks occur in many detached areas in Fiance. In the central 
plateau they arc fouml ino.st fully dovelo|H‘d, ii. sting upon and passing down info the 
higiier |uirt8 of the Carboniferous .system. They bai'e been carefully studied in the 
district of Autnn, where the lower ^wirt of tin* I'erinian .system is rejiresenfed by a 
mas.s, l)f)0 to 1000 inelri's tliieh, of alternations of sandstone and shale more or less 
rich in by driK’arbon.s, with thin bands of magnesian limestone. No marine fo.ssil.s occur 
in tliesi strata, even the magnesian limestone containing only fresh water organisms. 
From the disti ilnition of the fossils a threefold strutigraphieal sulnlivision of the 
whole .series has been made. 1st, A low'er group at least 150 to 2o0 metres tbiek, 
lying conform.ddy upon the Coal-nieasim*s, and containing numerous ferns (Pccoptn is, 
abundant), Siyilfaxuu', Conlaites, a ]>iofn.sion of Wttlchia, large nnmlicis of seeds 
or fruits, l yprids irowded in some layers of shale, a crustacean {Sn'totfhon), a 
number of li.sbes [Palxonist'tiH, Amhltj^UcruH, Anxidfiodrs, PleurttcniUhtis), and the 
amphibians and reptiles already icferred to {Admodou, Puchirumuntx, Stcrcorhachis). 
2nd, A middle group about 300 metres thick, showing a ce.ssation of the churactcr- 
istically Carbon ifeions species of plants, und an increasing jirominenee ol typically Per- 

* ¥. Bisehof, ‘ Die Steinsaizwerke liei Stassfurt,’ Halle, 18/5. C. Uchsenins, ‘Die Bildnng 
dor SUinsalzlager,’ Halle, 1877. I’reelit, ‘Die Salzimlustrie voii Stassfurt,* 1885. KIoos, 
Xt'Usch. prak't. 1895, 1897. 

* Bvnecke and Van Wervecka, Mitth. iieoL lAXudvstutst, Plmiss-Lvifi. vol. iii. (1890), 
p. 45. Velain, P. S. if. t\ ser. 3, xiu. Eck, ‘Geogn. Karte d. Umg. von Ijilir.’ (1884) ; 
*Gei>gn. Karte V. Schwartzw.aJd’ (1887). A bibliography for AIs.ire and Lorraine will be 
fonud in .4WA, (»«••*/. SjXt'itdkart. r. P/MtiHi-Lidhtirtgoi, vol. i. (1875), and vol. for 1887. 
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mUo form*. Numerooa spactes of Pgeopt^ris tiill occur, but CaUipUria makes its appear' 
anoe {C. oon/crta, C. giganUm). U'alc-hia {W. pintformitt ff\ kppnouihi), CatamUr^ 
S^phenophyllutti, CalanuxUndrun^ and fruits abound. The aniiiial remains rcRciiible those 
of the lower group, but with the addition of BronehioMurua. .Srd, An upper group 
locally known as that of the “loghead,'' from a workable band of bituminous 
shale or coal^ The thickness of th^ group is about 600 metres, the up]K!>r iwrtion 
oonsistiug of red sandstones without foasiU. The Dora is now’ nurkedly Permian. 
Pecopterid ferns are rare, ami are 8|ieeiHcaUy distinct from those in the group below. 
There is an abundance and variety of Callipteris, togctber with Sigillaria, abundant 
WaUkia and AnteropkyUdea^ Sph^nophyilum, Carpohthus^ ic. The fauna is 

generally similar to that in tlie middle group, but less varied.'^ 

Ill the extreiud south of Franco, lictween Toulon and Cannes, Poriniaii rocks re* 
ap]sear, and though occupying but a limited atea, constitute some of the most pictur- 
csijue features along the Meditoi raiieaii shoics of the country. They consist of lower 
massive conglomerates, with intercalations of shale, containing U’alchia and C<tU%pUris, 
followed by shales, marls, red sandstones, and conglomerates. Hut their distinguishing 
featui'e is tlu* enormous mass of vulcanic materials associates] with them. The lower 
conglomei ates, besides llicir fragments of gnei>j» derived fiom the ]>re-Cambrian rocks 
of the district, contain .ilumdant plece^ of <}iiait/-p«>rpliyry, of which rutk also there 
arc massive slnets, that use up into the well-known groU]> of hills forming the 
Ksterel between (annes aiul Kiejiis. Besides these ueul outbursts in the older jiart of 
the formation, sheets of ineUpliyrc aie found in the upjM-r part, wliile dykes of nodular 
felsite, i»itchstoiu*, and imdapliyre ti averse the senes.’* 

Farther east the terrcstual fames of the n>ck.s us well di.s]dayed in Tuscany, whore 
the shales of .Monte Vigiiaie and othci locaiities ha\e yielded an abundant llora of fciiis, 
Wtilchi((^ kt:.* 

Westwards iit the region of the Pyreiuc.s, and in vunous part.softhe Ilicriaii ja’oiiisula, 
rocks believed to laj INTiiuan have been recwgiiised. They have m some places luruished 
maiine fossils like those of the Arliiisk stage ; in otheis land- plants, including fVaJekw. 
They frequently present thuk masse.s of coiigloim ialc*, somelimcH resting UjKm Corboni- 
fcioiis rocks, sonielimes on formations of older ♦laic.*’' 

* “ Boghead,” .so named from a pliwe in Lttililligow shire, Scotland, where the substance 
was timl worked for making gu.s and oil (nntf. p IKt], The so called “IVigliead” of 
Autun has lieeti useertimed to conlaiii a large qu.antily of the remains of gelatmouH fresh- 
water alga*, mingled with the pollen of Vortlmt^-s , iJ iteiiauU and ('. K. Bertrand, .Sor. Uiti. 
Nat. Autitn, l.syii. 

E. ItK’he, li. S. (t. F. ser 3, \x. {18.S01, j». 78. See also the series of ‘Etudes des 
Oitea Mineraux,’ published by the Ministry of I’utdic Works in Frame, partieularly the 
volumes by Belafoud on the Autun Basin, and by Mouret on that of Brive ; likewise the 
Memoirs by Grand’ Eury alrea<ly cited, and his coiiuiiunication in Ompt. irnd, t'untjrin, 
Ohl. hUemat., Paris (1900), p. 521. Bergeron, ' Etmle Gfologique «lu Massif an ‘•ud dn 
Plateau Central,’ and li. »S. (i. F. scr. 3, vol. xvi. Prof«'sf.or von Beinach, Z. />. O’. O'. (1892), 
p. 23,' gives a careful comivarison of the French central jdateau IVrmian rocks with those 
of the Saar and Nabe. 

“ P. Walleraut, *i6tu<le Strat. Petrog. <les Manres et de I’Esterel,’ 1889, p. 89 ; f^rte 
Dttaill. Giol. France, Feaille d’Antibes. Michel Levy, Ji. A <J. F. vii. (1870), p. 763 ; 
Bull. Carte Gid. France, No. 67. Polier, B. A O. F. 3, v. p. 745. 

* C. De Stefanl, “ Flore Carbonifere e Pcrmlano,” /{. ht%tut. Btud. Superu/r, Fie. 
NoL, Florence, 1901. 

“ See J. Roussel, *' Etude Stretigrapbique des Fynmeea," Bull. Carte GM. France, No. 
56 (1893). E. de Margeric ami F. Schrader, Ann. Cluh Alpin. Franfais, xvj (1891). 
Figuier, 'Etudes Qeol. sur Dept de I’Aiule,’ Montpellier (1887), p. 286. Caralp, 
B. A G. F. (3), zxii. and zxiv. 




1070 ■ emitiaSAPSIOAl dsd£d§f -'"'iootinrmn' 

m 

Alps. ‘—On both sides of the Alpine chain a zone of conglomerates and sandstones, 
which intervenes between the Trias and older rocks of the region, has been referred 
in part to the Permian system. The conglomerates (Vermoano’'} are made up of the 
detritus of schistose rocks, porphyries, quartz, and other materials of the central core 
of the mountains. They sometimes contain sheets of porphyry, and occasionally, as at 
Hotzen, they are replaced by vast masses of quartz-porphyry and other volcanic rocks, 
with tuffs and volcanic conglomerates, indicating vigorous volcanic action. An inter- 
calated zone of shales in the lower conglomeratic and volcanic part of the series in the 
Val Troinpia has yielded Walchia piniformU, fV. filiciforniis^ Schizopteris fcaciculcUa, 
Sphejwptcris IridadylilfSt Ac., and serves to mark the Permian age of the rocks con- 
taining these plants. Eastwards, at Funfkirchen, in Hungary, in a corresponding 
position below the Verrucano conglomerate, a group of younger Permian plants has been 
found, including siiecies of liaiera^ Ullmannia, Foltzia, Uchixolepis^ and Carpolithus, 
nearly half of which occur also in the German Kupferschiefer. Above the conglomerate 
or the porphyry comes a massive red sandstone called the "Grodeu Sandstone," 
containing carbonised plant-remains. But the most distinctive and interesting feature 
ill the Alpine development of the Permian system is found in the upper portion of the 
series in the southern region of Tyrol and Carinthia. The red Groden sandstone is 
there succeeded by beds of gypsum, rauchwaoke, and dolomite, above which comes a 
bituminous limestone known, from the abundance of species of Belleropitm, as the 
“ Bolleruphon Limestone." This calcareous member is highly fossiliferous. It con- 
tains an abundant marine fauna, which includes numerous species of Belleropkon, and 
species of Kavtilm" (so called), Natica, PecUn, J vicidopecteu, Avicula, Bakevellia, 
Schixodus, SpiiiJ'rr (7 species), Atkyria, Streptorkynchm, Orthis, Leptxm, Prodiu-tus, 
and FmuUm. Nearly all these are peculiar species, but the Schizotlus, Bakevellia^ and 
Natu'a conne(’t the assemblage with that of the Zechstcin. 

It is interesting to trace in this Bcllerophon Limestone an indication of the 
distribution of the more open sea of Permian time in the European area. While the 
Zechstoiu was in course of deposition in isolated Caspian-like basins across the centre of 
the Continent, calcareous sediments were accumulated on the floor of the opener sea 
already alluded to as lying to the south, over the site of the present Mediterranean, and 
strotchiug eastwards across Russia and the heart of Asia. A iwrtion of this sea-floor has 
been detected in Sicily, where near Palermo M. Geminollaro has described the abundant 
fauna found in its liiucstones. Foraminifera {Fusulnut) abound in these rocks, but 
their most remarkable feature i.s the number and variety of their ceplmloiKKls, which, 
besides Palreozoic types {Ooniatitesy GaMrioceras, Grlhocera.s), comprise many new 
forma (17 genera and 5-1 species) akin to the tribe of Mesozoic Ammonites 
(.(4rfrjnai/t's, Agathio'rm, Cychdobus, Baraelites, Mcdlicottia, Parapronorites, Popano- 
ceras, Siachnurrtis, U^MUjenoc^ran), also gasteropoda {BdUrophon, Pleurotmnaria, &c.) 
and braohiopods.^ In the valley of MontenotU*, Western Liguria, jasi)€i*8 have been 
fbund among the sericitic schists, containing numerous genera and species of radiolaria, 
regarded as of Permian age.'* 

* E. Suess, Sitzh. AkaJb. IFiw, Ivii. (1868), pp. 230, 763. G. Stache, Z. D, O. G. xxxvL 
(1884), p. 367 ; JaJirb, k. k. Ueol. HeiehsanH. xxvii. (1877), p. 271, xxviii. (1878), p. 03 
(giving the fauna of the Bellerophon Limestone) ; Verhand. k. k. Ueol. Heichoanet. (1888), 
p. 320. E. Mojsisovics, 'Die Dolomit-Rilft von Sudtirol und Venetien* (1870), chap. iii. 
Fraos, 'Scenerie der Alpeu.’ Milch, ' Beltrage zur Keuntniss des Verrucano,' Leipzig, 1896. 

tlie age of this rock, like that of the Flysch, has been long discussed. It has been 
claimed successively as Liassic, Cwbouiferons, Triuslc, and Permian. It probably represents 
a peculiar phase of sedimentation which persisted through successive geological periods. 
8ee a recent statement on the subject by C. De Stafani, op. ntpra esL p. 129. 

^ ProfMsor Geiuniellaro, 'La Fauna dei Calcari con Fusulina,’ Ao. Palermo, 1887-89. 

'* 0. F. Parona and G. Rovereto, Atti. Accad. I(. Set. TcrinOf xxtL (1895). 
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The Pern)iau system attains an enormous development in Eastern £iiro|K>. 
Itk nearly horizontal strata cover by far the largest part of European Russia. They lie 
conformably on the Carboniferous system and consist of sandstones, marls, shales, 
conglomerates, limestones (often highly dolomitic), gypsum, rock-salt, and thin seams 
of coal. In the lower and more sandy half of this series of strata remains of land- 
plants {Caiamites gigcu, Cychptcris, Peeopteris, &c.) fishes {Paixoniseus), and labyrin- 
thodonts occur, but some interstratified bands yield ProduHus Cancrini and other 
marine shells. The rocks are over wide regions impregnated w'ith copjwr-oit's. Tlie 
upper half of the series consists of clays, marls, limestones, gypsum, and rock-salt, 
with numerous marine, molliusca like those of the Zechstein (ProdttdM Camri/H', 
P. horridtis, Caniarophoria Uchhtheimii), but with a rather more abundant fauna, 
and with intercalated bands containing land-plants. 

Much attention has been given in recent years to these rocks, which have now been 
brought into closer comparison w*ith those of other regions. As developed on the 
western slope of the Ural Mountains, they have been found to consist of the following 
groups of strata 

Red clays and marls, with intercalated sandstones and limestones, almost 
wholly unfossiliferous, but with a few lamellibranchs resembling Unw (Cat'ffonicola 
[Anthraeona] castor and C. umbonaius). This thick group may possibly be partly 
or wholly Triassic. 

Copper-bearing sandstone, permeated with oxide and sulphide of copper, and 
containing species of Ckdamitcs iyijns), Sphsnoptrris {lofnila, erosa), L'allipteris 
{obliqua, conjferta), ybggerathui^ Dadoxylun^ Knorrut, Ac. 

Marls, sandstones, and conglomerates with ill-preserved plants (which seem to be 
on the whole like those of tlie Artinsk group below), VarhoniMa ( Unto) castor^ 

C. umbonatus, C. Gold/ussiam^ Archegosaurus, Acrolrpis, wlille some of the 
sandy marls contain a characteristically marine fauna, Productus Cancrini, P, 
kaninckutnus, Athyris pectinifera, and Spiri/er lineatiu. 

Gypseous limestones and dolomites. 

Artinsk group of .sand.stoues, conglomerates, shales, marls, limestones, and 
dolomites, stretching from the Arctic Ocean to the Kirgiz Steppes, and lying 
conformably on the Carboniferous Fusulina Limestone, lliis group contains a 
ramarkably abundant and varied assemblage of fossils. The plants include species 
of CaUimties, Niiggerathia^ Sphenopteris, Odontopieris, Ac. The fauna comprises 
a numl)er of common Carboniferous shells such as Prvductus semirtliculatiis^ 

P. Cora, P, longispinus, P. scnJbricxdus, Orthutheies {Strcptorhynchits) crenistria, 
but with these are lound many new- types of cephalopoda like the ammonoid forms 
above alluded to os occurring in the Bellerophon Limestone of the Tyrol {Agatki- 
eeras, Oastrioceras, Medlieottia, Popanoceras, Pronoritcs). About 300 species 
of fossils have been found in the group, of which a half also occur in the 
Carboniferous system, and only about a sixth in the Permian above.’^ 

The recent researches of Professor Amalitzky in the basins of the Soukhona and 
Dwinaiii the north of Russia have thrown much light on the Permian deposits of that 
region and their equivalents elsewhere. These formations comprise examples of marine 
and coutinentRl'sedimentation ; the latter contain in their lower stages a Lepidodendroid 
flora of the typo of the German Kothliegendes, while in tlieir upj)er stages, consisting of 
marls and variegated sandstones, long believed to be unfossiliferous, a rich fauna of 
fresh-water mollusks and other organisms has been detected. The upper Permian 
deposits of the lower course of the Soukhona and the upper portion of the Dwina are 
capable of being grouped as under in descending order 

* See for the earliest descriptions 'Russia and Ural Moontaips,' Murchison, De Vemeuil, 
and Keyserling, 4to, 2 vols. 1845. 

^ A. Krasnopolaky, Mini. Com. Giol. Russ. xi. (1889), No. 1. A. Karpinsky, Verha.»d. 
k. Min. QtseU. SL Petersbaurg, ix. (1874), p. 267; Mhn. Acad. St. PelerAourg, 1889. 
T. Tschemyschew, Verh. d. k. Min, Ou.^ St Petersbonrg, 1885 ; Mtm. Com. Oeol. Jiuss. iii. 
(1889), No. 4. 
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4, Marli and aandatoncs ( = upi>er Zechstein) with Synocladia virgulaceoy AcantJio- 
cladia ancepa^ Kdvunidia fhngata, Lormmvia Oihsoni, L. altenbiirgennst and 
Turin) ohlnsuM. 

3. OloRMoptfrian stage, consisting of marls and lenticular sandstones, with the 
Glosso[>teris tiora and a remarkably varied fauna. 

2. Marls and sandstones with a Lower Permian flora (CalUpteris con/erta^ 
Ijepuiodnwlron, kc.). 

1. Sandstones, marls, and sands with a Lower Permian marine fauna {O'einitzeUa 
eUumiwna, F'fneatnffu rfti/oruiia, I^^rodurtva Carurini, Mamx/on kingiarnm, 
Xumiarui (Lf/ln) npeluncaria^ Nwula Reyriehii, Ihkevellia ctiutophag<t, 
iSchhmlun rtmictis, S. plauua, Strd)lopteria srricm, Murchisonut sufmigulata). 

The fossiLs of the third or 01o.s9opterian stage include a consiilerablo nunil)er of fresh- 
water shells Oligodon, Paltranodonta, Cnrhomcnhi [An(hr(trosiit\ Anthra- 

co/nj/aj, crustaceans of the genus Knlhtrut and cyprids, remains of ganoid fishes, together 
with a large series of vcrtcbiate remains, comprising steguccphalous amphibians, among 
which some resemble Melanfrpelon ami Pn/hi/rjonia, theruinorph reptiles belonging 
to Pareiasaurians and Dicyiiodonts, and some that resemble the Ebjinia and Gordonia 
of the KIgiu (Triossic) sandstones of the north of Scotland. With these animal 
remains are associated abundant relics of the (llossopteiis flora, comprising the ferns 
Glrmopteria {G. hulica^ G. nnguslifolift, (i, strii fa), both as impressions of fronds and as 
rhizomes {Vertt'hraria), (tnugainoplcris majo)', G. cgc/opti'roulca-, Tsaniopteris, Xpheno- 
pteriSt CalHf>tei'iSt lik<‘wise .s|»ecics <»f Kguiartuni, Xorggrrathiopsis, and forms resembling 
the Schiztnieureo!.^ 

Alia. The type of seiiimentation found in the east and south of Europe extends into 
Asia. In the valley of the Araxes a limestone occurs containing Pminctua horridvs, 
Athyria suhfilila, and a number of the nmnioiioid forms above referred to ; while in 
Bokhara other limestones oc'cur at Darw.is whicli from their cephalopods (Pronorites, 
Poj)itn()cnas, kc.) probably repro.sent the Artiusk group of Russia. The same character 
of dejiosils and of paheontology is still more extensively develo])cd in the Salt Range of 
the Punjab. In this region the amdent Paheo/oic sediments with their saliferous deposits 
arc overlain by a remarkable liiiiestoue which bus yielded a large a.ssernb1age of fossils. 
At tile base of this deposit comes a course coiigloincrute ami sandstones follo^ved by the 
well-known PriMluctus Limestone.'^ The lower portions of the limestone abound in 
Fiumliua with Carboniferous brueiiiopods {Pi'fldHdu.<n' 0 )‘a, P. acnih'diculatus, P. lincatua^ 
Athyi'ia Roymi, Spinfer stnalus). The cepludopods are numerous and include the 
ammonoid tyjMJS {Gyclofobus, yirrr>sfea, .ifedlicottia, Popn nnrera.% Xetiodlscns), as well as 
many Nautili, Orthoceratites, and Oyroccratites. The gasterojKxls include forms of Bel- 
lerophon, EmmpfuiliiH, Holofu'lla, Phrudnuella, iiml PI enrol mnari(x. liamellibranehs are 
abundantly represented by such genera as Allorisma, Schhodus, Avicula, Aviculopcctcu^ 
ami Pccten, but also Avith others of a (iistiiictly Mesozoic character, as Limit, Lurina, 
Cardiniu, AsUarte, and Myophorin. Yet with these evidences of a newer facies of 
molluscan life, it is interesting to notice the extraordinary variety and abundance of 
the brachiojiods, including ancient genera such as Prinlwtm (20 siK'cics), Chonete.t, 
Athyris, Orth is, Lrptrrna, and Streptorhynchus, miiigletl with a numlier of new genera 
first met with here {Urmiptyrhina, Nofothr/rii, Lyttovia, Oidhamui, Ac.). Though the 
general aHjicct of this fauna is so unlike that of the Permian rocks of Central Europe, 
the appearance of a number of Zechstein speies links the lim'istone of Northern India 
with the European tract. Among these are Caviarojrhoria humbleton&mtia, Strophaloaia 
ejmvatQi, S. horrrxens, Spiriferina criatata. 


• AiualiUky, Soc. Imp, Xat. St, Petersbourg, 1899 ; Vompd. rend, cxxxii (1901), p. 591, 
and V. d. G. S. li. (1896), p. 837. 

* W. Waagon, Meiu, Geol. Surr. India, ‘Salt Range Fossils,’ vol. i. Productus Lime- 
stone, 1879-88 ; PaI»ont. Indica, 1888, 1891, Diener, Mettr. Oeol. Surr. India, Part iii., 
1897. 
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This oceanic type of dei)osit, however, does not seem to extend southwania aoroM 
the Indian peninsula. South of the line of the Narbada River a totally ditfereiit series 
of sedimentary formations ot ciira. In that southern region, as has already been stated 
(p. 1058), the lower and middle Meso/oie marine rocks and the upf)er })art of the Paheuroio 
series of other eoniitries are representt'd by a vast thickness of strata, chiefly sandstones 
and shales, probably almost entirely of fluviatile origin. To this great fresh -water 
accumulation the name of (Jodwana system has l^eeu given by the (ieological Survey of 
India. The exceeilingly coarse Talehir conglomerates in the lowest group of the series 
have been above noticed among -the Carboniferous formation.s. The Talehir is stic^'cctled 
by the Karhnibari group, marked by the oeeurreiico of seams of excellent coal and an 
abundant flora, which includes a number of 8|>ecie8 of Oitnt/amojtfrrix and OhmopteriSt 
with some cycads coiiifei-s {Voltzin, AUtertia) and tlio dotiblful Noeyffera- 

thiopais. The overlying Dannida series consists chiefly of sanjlstones ami shales with 
ironstones, and nearly all the valuable coal-seanns of the Indian jwninsula, and attains 
a thickness of 10,000 feet. It lias yielded an abundant flora, in which species of 
(iloasopt^ria an<i (7a)ujamo})teria are prominent, while some rare vertebrates have likewise 
been found in it {frotuiu-amsauruM, a labyririthodont allied to Archffjoauurua and 
lirachnops). This great mass of setliments is probably homotaxial with the Permian or 
Permo-t’arhoniferous for»nations of other regions. In the Salt Range the up|»er part 
of the Proiluctus - beds, as above stated, i.h probably referable to the Permian 
system. It i.s overlain, without visible unconformability, l»y the Chi«lra group, only 
about l."i feet thick, in which the fossils are less Palieoyoie in as{>cct than those of the 
groups below, seeing that nearly half of them have Mesozoic affinities and only four 
sjjecies are ideiitiiuil with Permian species of other countrie.**.* The Panchet aeries 
which succeeds is more probably Tria8.sio, while the upf»er subdivisions of tin) Condwtua 
system aic of Jurassic a«e.‘^ 

In nortli-we.stern Afghanistan a scries of eoal-bearing sandstones, believed to be the 
equivalents of the (londwana system of India, teiminates downwards in a group of shales 
altered into mica-schi.sts with graphitic ami anthracitic scams and impure limestono, 
the whole invaded by granite. It i.s iiiterc.sting to note that towaids tho base 
of tliH series a coar.se conglomerate or boulder- bed owui.s, jtrecisely similar to that 
of the Talcliir group. Benoath it lies a dark limestone with CAsts of hrachinpo<ls. This 
series of strata was referred by Mr. (friesbacli, who tir.st ilescrilK'd it, to a Pcnno-Carbonl- 
fjerous age. It jias.ses upward into what are evidently Tiiassic rock.s (pttHka, p. 1107).* 

Australia.— The remarkable c<»al-l>e,'iiing senes of the Australian colonies with its 
boulder-be<l.s, which has been termed Perrno-Carboniferons, ba.s been descriliod alwve 
(p. 1059). No satisfactory line can be diawii tliere between Carlionili rouH and Permian 
typos, while on the other hand, the highest nn-mbers of tbo .series arc sejiaratcd from 
the next overlying formation .sonietimc.s, tliongh not always, by an nneonfornmbility, 
and more esfiecially by the abrupt change in the character of the fossil flora, which has 
been referred provisionally to tbo Tria»*ic sybloni. 

Africa.— Throughout a vast extent of the reiitre and south of this continent, a group 
of i-ocks known as the Karoo series presents some of the lithologii al and palieonlological 
tyfKfS of southern India and south-eastein Australia. It lies uncoiifonnably on every- 
thing older than itself, and has liecn separated into three groups. Of these (1) tbs 
lowest has already been rcfernjd to (p. 1057) as oom|Hj8e<l of the Dwyka Conglomerats, 
surmounted by the Ecca mudstones and shales. In these dark friable argillaceous beds, 
a flora has been toond wliicU presents a remarkable resemblance to that of Uie lowst 
members of tho great Gondwana series of India. Some of tlie sjiccies are actually 

* Medlicott and Blanfonl, ‘ Manual of Geology of India,’ 2nd edit, by R. D. Oldhsm, 

p. 128. 

* Op. cU. chaps. viL and viiL 

» Griesbach, ReeemU Geol. Snrr. Iwlia, xix. (1886), p. 239. 



1080 mATJ&ItAPMlCAl OSOIO&T ' . BOOkVi 


identical in the two countries, such as OloMopterit brotcniana, Oangainopteris cyelopteroidest 
and Noeggvraihiopsis Hidopi. The middle division (2) or Beaufort group, which extends in 
nearly horizontal sheets over a vast region, consists of sandstones, shales, often carbon- 
aceous, with seams of coal and intercalated sheets of diabase. It contains a mingling of 
Carboniferous genera of plants {Sigillaria) with the characteristic Glossopteris-flora, and 
of the latter a number of the species are common to tlie Damuda rocks of India, such 
as Olouopterii broumiana, 0, angiuti/olia, O. communis, 0. stricta, G. reiifera, and 
0. damudiea} The Beaufort beils have yielded a remarkable reptilian fauna. The 
moat striking feature, indeed, in the Karoo scries is the extraordinary number and 
variety of its Anomodonts, which here reach their culmination. The families of the 
Pareiasaurs, the Tapinocephalids, the Galesaurians, the Dicynodonts and the Endothio- 
donts seem to have had their chief habitat in Southern Africa. Of this interesting 
fauna the Beaufort bods have furnished a large sliare. It may be remarked that some 
of the species have representative forms in the meagre fauna of the Lower Gondwana 
rocks of India. 

North Ameriea.— The Permian system is represented in the United States by a series 
of strata which graduate downward into the Coal-measures and, where their top is seen, 
pass upward more or less gradually into what are believed to \te representatives of the 
Trias, but which do not furnish any strongly-marked paleeontological features. They 
have accordingly been classed by many geologists as Permo-Carboniferous. In the 
great Appalachian coal-field, as well as Prince Edward Island, Nova Scotia and New 
Brunswick, the up))ermoBt coal-bearing group (see p. 1061) is overlain conformably 
by a group of strata, upwards of 1000 feet thick, which in Pennsylvania was called 
the “Upper Barren Measures.” At its base lies a massive conglomeratic sandstone, above 
which come sandstones, shales, and limestones, with thin coals, the whole becoming very 
red towards the top. Professors W. M. Fontaine and I. C. White have shown that, 
out of 107 plants examined by them from these strata. 22 are common to the true Pennsyl- 
vanian Coal-measures and 28 to the Permian rocks of Europe; that even where the 
species ore distinct they are closely allied to known Permian forms ; that the ordinary 
Coal-measure flora is but poorly represented in the “ Barren Measures,” while on the 
other hand, vegetable types appear of a distinctly later time, forms of Pecopleris, Callip- 
teridium, and Saportma foreshadowing characteristic plants of the Jurassic period- These 
authors likewise point to the indications furnished by the strata themselves of imjwrtant 
changes in the physical condition of the American area, and to the remarkable paucity 
of animal life in these beds, as in the red Permian rocks of Europe. Some drab-coloured 
limestones crowded with ostmeods may be compared with the Spirorbis Limestones of 
Central England. The evidence seems certainly in favour of regarding the upper part 
of the Appalachian coal-fields as representing the reptiliferous beds overlying the Coal- 
measures at Autun and their equivalents.^ In Nova Scotia and the neighbouring regions 
asimilar upward passage has been observed from true Coal-measures into a group of reddish 
strata containing Permian types of vegetation. 

To the west and south-west of the Appalachian region the Permian type becomes 
more developed, and in Kansas and Texas acquires considerable importance. In 
the former State, the uppermost Coal-measures are overlain by a series of thin lime- 
stones, and yellowish, green and chocolate shales (Neosho formation of Prosser) having 
a united thickness of 130 feet and numerous marine foniln {Prod ucttu 8emireticulatu$f 
OhaneUs granulifera, Derhya ertma^ Athyris vuUilitaf Pmtdomonotui Hawni, Aviculo- 
pwten Aceidmtalis^ Pleurophonut mbeostat^u, MtMla striaUhcoatatay Ac.), Above 
these strata lies a middle group (Chose) of limestones and shales, with a number 
of bands of flint, the whole having a thickness of about 266 feet, and containing 

* Feistmantel, AhhandL B&km. g«$. Wiswueh, vii. S (1880). 

* “On the Permian or Upper Carboniferous Flora of W. Virginia and S.W. Pennsyl- 
vania,” SteoHd Oeol. Sun. Penu. Rtport^ P.P. 1880. 





MM^iaW fOBMATIONS 


1081 


many molluska, including species of Bakevellia, Pleurophwu»^ AvieHlapttUn, Etimondia, 
Derbya, Productus, Chonetes, Syiriftr^ &c. The upper group (Marion) consists of 
about 400 feet of limestones, and in the upiiermost part, shales, marls, and gypsum. 
Its fossils are, on the whole, similar to those in the groups below.^ The Kansas Permian 
formations extend northwards into Nebraska, where they have likewise yielded an 
abundant marine fauna.’* They «preAd southwards into Texas, whore also a threefold 
subdivision of them has been made, the lower group being termed Wichita, the middle 
Clear Fork, and the upper Double Mountain. The Wichita beds contain a flora like 
that of the “Upper Barren Measures” of West Virginia and Pennsylvania, and com- 
prise a number of species of Pecoptcrit and Callipteridium, together with CalUpterit 
conferioy Odontopteria nervpaa, OoniopUris ohlonga, Sphenophyllxim, and Walehia. The 
marine bands have yielded species of GmiatUe$t Ptyehitrs, ^Mlic,otti(l^ Popanoeeras, 
Ofihoceras, Nautilus, &c.* From those strata also and the “Clepsydrops shales” of 
Illinois a number of fish, stegocephalous amphibia, and rhynchoccphaloua reptiles 
have been obtained.^ 

Spitibergon. — The Permian sea appears to have extended far within the Arctic 
circle, for above the Carboniferous rocks of Spitsbergen there occurs a group of strata 
which contain Permian marine forms (Productns, Streptorhijnchus, Itetzia, Pseudomonoiis 
Bakevellia, Ac.).* 


Part III. Mesozoic or Secondary. 

Though no geologist now admits the abrupt lines of division which 
were at one time believed to mark off the limits of geological systems 
and to bear witness to the great terrestrial revolutions by which these 
systems were supposed to have been terminated, nevertheless the influence 
of the ideas which gave life to these banished beliefs is by no means 
extinct. The threefold division of the stratified rocks of the terrestrial 
crust into Primary, Secondary, and Tertiary, or, as they are now called, 
Palaeozoic, Mesozoic, and Cainozoic, is a relic of those ideas. This three- 
fold arrangement is retained, however, not because each of these great 
periods of geological time is thought to have been separated by any marked 
geological or geographical episode from the period which preceded or 
that which followed it, but because, classification and subdivision being 
necessary in the acquisition of knowledge, this grouping of the earth's 
stratified formations into three great series is convenient. In our survey 
of the older members of these formations we have come to the end of 
the first series of fossiliferous systems, and are about to enter upon the 
consideration of the second. But we find no indication in the rocks of 
any general break in the continuity of the processes of sedimentation * 

* C. S. Prosaer, Bull, Oeol. Soe. Amaica, vi. (1894), p. 26 ; Journ. Oeol. iii. (1896), pp 
682,764 ; University Oeol. Sure. Kansas, ii(1897X P- 1^1- 

* W. C. Knight, Joum. Oeol. vil. (1899), p. 357. ThU paper conUina a list of the 
invertebrate Permian foaaila of Kanaaa, Nebraaka and partly of Texaa, with colnmna ahowing 
the geographical range of the genera in the Old world and the New. See also the paper by 
C. R. Keyes on ** American Homotaxial Equivalenta of the Original Permian,” in fbe aame 
vol. p. 821. 

* C. A. White, Amer. Naturalist, February 1889 ; B. U. S, O. S, No. 77 (1891) ; I. C. 
White, BuU. Oeol. Soe. Anur. iii (1892) p. 217. 

* E, D. Cope. Proe. Amer. PhiL Soc, xviL (1877-78), pp. 182, 506. 

* B. Lundgren, Bihang. Snensik, VH. Akad. Handl. xiii (1887) ; Neues Jahrb, 1891. 
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and of life which we have seen to be recorded among the Palaeozoic 
rocks. On the contrary, so insensibly do the Palaeozoic formations in 
many places merge into the Mesozoic, that not only can no sharp line 
be drawn between them, but it has even been proposed to embrace the 
strata at the top of the one series and the base of the other as parts of a 
single continuous system of deposits. 

Nevertheless, when we look at the Mesozoic rocks as a whole, and 
contrast them with the Palaeozoic rocks V)elow them, certain broad 
distinctions readily present themselves. Whereas in the older series 
mechanical sediments form the prevalent constituents, piled up in masses 
of grcywacke, sandstone, conglomerate, and shale often many thousands 
of feet in thickness, in tlio newer series limestones play a much more 
conspicuous part. Again, while in the Palajozoic formations a single kind 
of sediment may continue monotonoiwly persistent for many hundreds or 
even thousands of feet of vertical depth, in the Mesozoic series, though 
thick accumulations of one kind of material, especially limestone, are 
locally developed, there is a much more general tendency towards freque?it 
alternations of different kinds of sedimentary material, sandstones, shales, 
and limestones succeeding each other in rapid interchange. Another 
contrast between the two series is- supplied by the very different extent 
to which they have suffered from terrestrial disturbances. Among the 
Paheozoic rocks it is the rule for the strata to have been thrown into 
various inclined positions, to have been dislocated by faults and in 
many regions to have been crumided, pushed over wich other, and 
oven metamorphosed. The exceptions to this rule are so few that they 
arc always signalised as of special interest. Among the Mesozoic rocks, 
on the contrary, the original stratification-planes have u.sually been little 
deranged, faults are generally few and trifling, and it is for the most part 
only along the flanks or axes of great mountain -chains that extreme 
dislocation and disturbance can be observed. A further distinction is to 
be found in the relation of the two series to volcanic activity. We have 
seen in the foregoing chapters that every period of Palajozoic time has 
been marked somewhere in the Old World by volcanic eruptions, that in 
certain regions, such as that of the British Isles, there has been an abundant 
outpouring of volcanic material again and again in 8ucces.sive geological 
periods within the same limited urea, and thus that masses of lava and 
tuff thousands of feet in thickness, and sometime.s covering hundreds of 
scpiare miles in extent, have been thrown out at the surface. But in the 
European area, with some trifling exceptions at the beginning, the whole 
of the Mesozoic ages a])[)ear to have been unbroken by volcanic erup- 
tions. The felsites, rhyolites, andesites, diabases, basalts, and other 
lavas and eniptivo rock.s so plentiful among the Primary formations 
are generally absent from the ^condary series. 

But perhaps the most striking, and certainly the most interesting, 
contrast between the rocks of tho older and the newer series is supplied 
in their respective organic remains. The vegetable world undergoes a 
remarkable transformation. The ancient preponderance of cryptogamic 
forms now ceases. The antique types of Sigillaria, Stigmaria, Lepido- 
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dendron, Calamitea,. and their allies disappear from the land, and their 
places are taken by cycads and conifers, while eventually the earliest 
dicotyledons come as the vanguard of the rich flora of existing time. 
Nor are the changes less marked in the animal world. Such ancient and 
persistent types as the cystidcans, blastoids, and trilobites had now 
wholly vanished. The crinoids, that grew so luxuriantly over the sea- 
floor in older time, now flourished in greatly diminished nunilHjrs, while 
the sea-urchins, which had previously occupied a very subordinate jKisition, 
took their place as the most conspicuous group of the echinoiierms. The 
brachiopod.«, which from the remotest time had filled so prominent a place, 
now rapidly diminished in numlxjr and variety. Ikil perhaps the most 
striking biological feature which meets us as wo j>ass from the Palieozoic 
into the Mesozoic formations is the apparently sudden and pn^ligioiis 
development of the cephalopods. We have seen, indeed, in the foregoing 
piiges that the advent of these varied tyi)es of higher molliisean life wiis 
already heralded by the appearance of a Tuimber of their genera in strata 
believed to be of Permian age. But the extent and importance of this 
feature in the history of the invertebrates was not recognised until the open 
sea deposits of Triassic time M'cre explored in Southern Europe and India. 
It was then found that the Ammonoids attained their eiihninatiou in the 
early ages of Mesozoic time. So sudden is their expansion in variety of 
type in the Trias that we are constrained to believe that a vast interval 
of time must have elapsed, which is inadequately represented cither by 
sedimentary formations or by organic remains, between the known 
Permian formations and those of the pelagic Trias. The Orthoceratites 
which had played so prominent a part throughotit the Palaeozoic ages 
disappeared in the early pairt of Mesozoic time. I'he Goniaititoids were 
likewise waning, to be replaced by the Ceratitoids, which were the 
dominant types in the first Mesozoic period. But the chairacteristic forms 
through the rest of the periods were tlje various tribes of Ammonites. 
These, however, all died ’out before Tertiary time. The dihianehiato 
cephalopods now made their appearance, and in the belemnoids soon 
reached a remarkable develo[>raent, only, however, to decline, until they too 
had almost died out when the Tertiary ages began. They are represented 
by only a single living genus. Another distinctive feature of the fauna 
w’as the variety and abundance of reptilian life. The labyrinthodont 
amphibians were replaced by many new reptilia, such as the Ichthyosaurs, 
Plesiosaurs, Ornithosaurs, Deinosaurs, and Crocodiles. It was in Mesozoic 
time also that the first mammals made their appearance in marsupial 
forms, which remained the highest types that were reached before the 
beginning of the Cainozoic periods. 

The Mesozoic formations have been grouped in three great divisions, 
which, though first defined in Europe, are found to have their repre- 
sentative series of rocks and fossils all over the world. The oldest of 
these is the Trias or Triassic system, followed by the Jurassic and 
Cretaceous. 
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Section L Triasslc. 

It has been already mentioned that the great mass of red rocks, which 
in England overlies the Carboniferous system, was formerly classed as 
New Ked Sandstone, but is now divided into two systems. We have 
considered the lower of these under the name of Permian. The general 
facies of organic remains in that division is still decidedly Palaeozoic, 
though with clear indications of the coming of new types of life. Its 
brachiopods and plants connect it with the Carboniferous rocks below ; a 
number of its cephalopods link it with the Trias above. It forms the close 
of the long series of Palaeozoic formations. When, however, we enter the 
upper division of the red rocks, though the general lithological characters 
remain in most of Europe very much as in the lower group, the fossils 
bring before us the advent of the great Mesozoic flora and fauna. This 
group therefore is put at the base of the Mesozoic or Secondary series, 
though in some regions, as in England, no very satisfactory line of 
demarcation can always be drawn between Permian and Triassic rocks. 
The term Trias was suggested by F. von Alberti in 1834, from the fact 
that in Suabia, and throughout most of Germany, the group consists 
of three well-marked subdivisions.^ But the old name, New Red Sand- 
stone, is familiarly retained by many geologists in England. The word 
Trias, like Dyas, is unfortunately chosen, for it elevates a mere local 
character into an importance which it does not deserve. The threefold 
subdivision, though so distinct in Germany, disappears elsewhere. 

§ 1. General Characters. 

As the term Trias arose in Germany, so the development of the 
Triassic rocks in that and adjoining parts of Europe was long accepted 
as the normal type of the system. There can be little doubt, however, 
that though this type is best known, and has been traced in detached 
areas over the centre and west of Europe, from Saxony and Franconia to 
the north of Ireland, and from Basle to the Germanic plain, reappearing 
even among the eastern States of North America, it must be looked upon 
as a local phenomenon. This assertion commends itself to our accept- 
ance, when we reflect upon the nature of the strata of the central 
European Triassic basins. These rocks consist for the most part of 
bright red sandstones and clays or marls, often ripple-marked, sun-cracked, 
rain-pitted, and marked with animal footprints. They contain layers, 
nodules, or veinings of gypsum, beds (and scattered casts of crystals) of 
rock-salt, and bands or massive beds of limestone, often dolomitic. Such 
an association of materials points to isolated basins of deposit — salt- 
lakes or inland seas — to which the outer sea found occasional access, and 
in which the water underwent concentration, until its gypsum and salt 

^ 'Beitrag zn ein«r Monograpbie det Bonten Sandsteins, Muschelkalks, nnd Keupcn 
nnd die VerbindUng dieeer Oebilde zu einer Forroatiou,’ Stuttgart, 1884, p. 324. Thirty 
years later the same observer published his * Ueberblick iiber die Trias,' 1864, and gave a 
synopsis of the Triaasio literature of that interval. 
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were thrown down. That the intervals of diminished salinity, during 
which the sea renewed, and perhaps maintained, a connection with the 
basins, were occasionally of some duration, is shown by the thickness and 
fossiliferous nature of the limestones. 

It is e^Hident, however, that in this, as in all other geological periods, 
the prevalent type of sedimentation must have been that of the open sea. 
The thoroughly marine or pelagic equivalents of the red rocks of the 
basins have now been traced over a far wider portion of the earth’s 
surface. In the Mediterranean basin and thence eastwaid through the 
Carpathian Mountains and Southern Russia into the heart of Asia and 
Northern India, the deposits of the open Triassic sea are well developed. 
Masses of limestone and dolomite, attaining sometimes a thickness 
of several thousand feet, are there replete with a characteristically 
marine fauna. The same fauna has been detected over a wide region of 
the north of Asia from Spitzbergen to Japan, the western regions of 
North and South America, in New Zealand, and in Southern Afriai. 

The German or lagoon type of the system has been divided into 
three formations, as its name denotes ; the lower being called Bunter, the 
middle Muschelkalk, and the upper Keuper. It is evident, however, 
that this classification, being founded mainly on lithological characters, can 
only be of local application even in areas where the same tyi)e of sedimenta- 
tion prevails. A nomenclature capable of general use must be based on 
the pelagic development of the system and on the evidence of organic 
remains. The Austrian geologists, from a study of the distribution of the 
cephalopoda throughout the formations in the Mediterranean Triassic 
province and their extension into India, have proposed a division into two 
great sections, the lower consisting of two series of formations with 
distinct palaeontological zones, and the upper formed also of two 
formations and a number of zones, the whole being cjipp<*d by the Rhietic 
group or zone of Avicula contorta. This classification will be found in 
tabular form on p. 1106. 

Life. — The flora of the Triassic period apj)ear8 to have been more 
closely similar to that of Jurassic than to that of Permian time, the 
Palaeozoic types, such as Calamite.% I^pidodendrmiy and Sigillaria^^ now 
becoming extinct It consisted mainly of ferns (some of them arborescent), 
equisetums, conifers, and cycads. Among the ferns, a few Carboniferous 
genera (SphenopteriSt Pecopteru^ Cycl&pferis) still survived, together with 
Glmopteris^ TmwpteriSy CmlopteriSy and other old genera, but new forms 
appeared (Arumiopteris, AcrostichiieSy CUidophlehiSy Clathroptem, JJanssopsU, 
LepidoptmSy LanchopieriSj LiiccopteriSy MerumopleriSy Neuropteridium (Crema- 
tcpteris)y Sagenopteris, Thinnfeldia). The earliest undoubted horse-tail 
reeds appear in the Carboniferous rocks, but they become common in 
this system, where they are represented by the two genera Eijuisetites 
and Schizoneura. The conifers are represented by Voltzuiy the cypress- 
like or spruce-like twigs of w'hich are specially characteristic organisms 
of the Trias (Fig. 415), and by Albertuiy AbietUeSy AraucariUSy AraVr 
. ^ Sigillaria and {SUumpteris are associated together among strata in South Africa which 
have been regarded as poaailily of Triassic age, Q. J. Q. liii. (1897), pp. 810-340. 
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carioxylon, Brachyphyllum^ Palmya^ &c. The Ginkgoacese are represented 
by Baieriif and in the United States a grass-like plant has been found 
(Torkia), But the most distinctive feature in the flora of the earlier 
Mesozoic ages was the great development of cycadaceous vegetation. 
The most abundant genus is Pterophyllum ; others are AnomozamiteSy 
Ctenophyllumy Cycadmperniumy CycadiieSy Nilssonia, Otozamif^, PodozamiteSy 
Ptilophyllumy Sphenozamites, Zamiostrohu.% and Zamites. So typical are these 
plants that the Mesozoic formations have been classed as belonging to 
the “Age of Cycads.” Calcareous algae {Gyroporella, &c.) abounded in the 
open seas of the time and contributed to the growth of limestone reefs. 



Fig. 414. -VoU/ia helcnililiyUa, Brongii. 


The fauna is exceedingly scanty in the red sandy and marly strata 
of the central European Trias, and comparatively poor in forms, though 
often abundant in individuals, in the calcareous zones of the same region. 
From the Alpine development, a much more varied suite of organisms 
has been disinterred. Some of the Alpine limestones are full of forami- 
nifera {Orbviina, Globigenna)^ others contain numerous calcareous sponges 
{Ewiea^ Cmynellay Biellisponyia, PeroiiideUay &c.). Corals abound* in some 
localities in the same rocks, occasionally forming true reefs. They do 
not include any typical rugose, forms, which had died out in Palfie4>zoic 
time, but show a great variety of perforate types (Thamnastrmy Astrsso- 
morphoy Spangiomorphoy HeptastyliSy Stromatomorpha), and of aporose forms 
(MoiUlivaiiiay StylophyUurUy Isastrasoy CdamphyUky TkecomUiay StyHna), 




wmw, ■ „ - ... ■ im 

All the Paheosoic families of Echinoderms had now disappeared, but two 
groups of crinoids begin to attain prominence in genera of Encrinidie 
and Pentacrinidae, some of which are plentiful among the limestones, 
particularly crinoid-stcms, of which these rocks are in some cases almost 
wholly composed. One of the most characteristic fossils of the 



Fig. 41j.— Triwiwc FobhIIs. 

«, Ceratitfts nodoBUB, I)e Haan. ; h, KwthBria niinuta, Ouldf. (}) ; Tapea? (Pullaxtra) antnirolua, Strick- 
land (nat. aizc and enlarged>; il, Encriiiua liIiiformn«,Hchiutli. (net. size); e, TcmnuchaiiustNauUluii) 
bidorsatus, Schloth. (i). 


Muschclkalk is the crinoid Encrinus liliifmnis (Fig. 4 1 5, d). Species of 
urchins (especially forms related to Cidaris) are common in the Alpine 
Trias. An abundant foSsil in some of the upper Triassic and Itbsetic 
shales is the little phyllopod Estheria (Fig. 415, h). Ostracods^ also 
abound in some shales (Darwinula^ Cylhridm). Decapod Crustacea now 
made their appearance, replacing the extinct trilobites. Long-tailed 

* Ou the Rhsetic ostracods of Britain, T. Rupert Jones, Q. J. O, H. L (1894), p. 156. 




forms, like our living shrimps and prawns, were represented {Ptnsm, 
j^yer, Femphix, &c.). The Brachiopods, while 8ho\ving some resemblances 
to those of Palaeozoic time, present on the whole a great contrast to these 
in their comparatively diminished numbers, and in the final disappearance 
of some of the ancient genera. Thus the families of the Strophomenidae, 
Centronellidae, and Athyridae make their last appearance, while, on the 
other hand, the Terebratulidae, Rhynchonellidae, and Koninckinidae attain 
a great development. 

While the brachiopods were waning the Lamellibranchs were taking a 
more prominent place in the molluscan fauna, and in the Triassic seas they 
had already established the predominance which they have maintained 
down to the present day. Some of the older genera now died out, such 
as Solenopsis and Allomma, while a large number of new forms made 
their appearance. Among those new-comers were Limopsis^ true Unios, 
Dimya^ the Pholadomyacidae, Pleuromyacidas, Astartidae, Lucinace», 
CardiidsB, and Corbulidte. One of the most distinctively Triassic genera 
is Myophyria^ of which there is a great abundance and variety of species. 
Other common genera are Pecten (Pleuromctites\ Halohia (Daonella), 
TriganoduHf Pachycardia^ Monotis^ Gervillia {Ilosrnesia), Anoplophway Avicuki^ 
Cardium (Protocardia), CardUUy MegaMm^ Nucuhiy Cimianella {Tapes! 
Fig. 416, c). Among numerous Gasteropods we find that the families 
of the Neritidie, Eulimidae, Naticidaj, Turritellidce, Nerineidie, and 
CerithiidsB now take their rise. The Nautiloidea were manifestly waning 
in importJince, while the Amnionoidea reached the striking development 
above referred to. In no respect is the contrast between the palajonto- 
logical poverty of the German, and the richness of the Alpine Trias so 
marked as in the development of cephalopods in the respective regions. 
In the former area the Nautiloidea are represented by a few species of 
TemnocJmlus {NmifUus) (T. hidmatus, Fig. 415, e), the Ammonites by 
species of Ceratites (C. aodosus, Fig. 415, a; C. semipartilus). In the Alpine 
limestones, however, there occurs a profusion of cephalopod forms, among 
which a remarkable commingling of Palteozoic and Mesozoic types is 
noticeable. The genus Grthoceras^ so typical of the Paljeozoic rocks, has 
never yet been met with in the German Triassic areas ; but it appears in 
the Alpine Trias in species w'hich do not differ much from those of the 
older formations. Associated with it are some new Nautiloid forms 
(ClymeMmuiiluSj Clydonautilus^ Pleuronautilus). It is especially interesting, 
amid these examples of the persistence of primeval forms, to notice the 
advent of the earliest precursors of types which played a conspicuous part 
in the animal life of later periods. Thus among the dibranchiate 
cephalopods, the family of the Belemnites, which appeared so prominently 
among the denizens of the Mesozoic seas, had its earliest known forms in 
the open Triassic waters of the Alpine region {Aulacoceras, Atractites). 
Though the earliest Ammonites had appeared long before, it was not 
until Trijvssic time that this great order assumed the importance which it 
maintained all through the Mesozoic Ages. So long as only the German 
type of the Trias had been studied, this early development was not 
known. But wo have now learnt that the Ammonoidea really attained 
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their culmination in Triassic time, more than 1000 Triassic s|K‘cie8 
haring been described. In the open seas which then spread over Southern 
Europe and extended into Asia, into America, and even into the Arctic 
regions, there flourished an altogether extraordinary profusion ami variety 
of cephalopod life, as may be gjitheretl from the following list of some of 
the generic types — Xanalh's^ Otacnas, Hahnihs, Tnifutrs, J%irnmas, 
Sagtceras, Heiimstroernin, Lranitejiy Flnniiujtiva, Methfoyas^ 

Prionite.% Pttichite,% yEgocmm^ llitmjariU'x^ Crlftfcs, Sihuttnt, DoHuInteSt 
TiroHteSf DtnuriteSy Buchi(e.<^ ylrjHKiite.% Tmehtjams^ Pimyrin'crtts^ 

VlwmtoceraSy Jihabd(jrera>\ Cuchlorrmay Lohlfrs^ ]\gnuiO{i'ni.<y ytrccstcs, 

Didffmiii's, CladisrifeSy Mcgaphy/litcSy Iihacop/igUitf’^. 

The fishes of the Triassic peruxl include teeth and spines of selachians 
{Hghoihis, Acro(lus)y scales, teeth, or exoskclotons of ganoids 
I)af)fdiuSy ])ictffOpgg(‘y Srminuotusy lypvloiu.^ XrpItHifns, Si(tni('htlny.<, Fit' 
gnathus) and teeth of the dipnoan genus Cerntodita, 

One of the distinctive i)ala^ontologiral features of the Trias is the re- 
markable assemblage of amphibian and reptilian remains found in it. I'lie 
ancient order of Stegocephalia (I<,abyrinthodonts) still flourished ; numerous 
prints of their bict have been observetl on surlaces of sandstone beds 
(f'lu'irofherium or C/n-irostiurua), and the Itones of some of them have been 
found {Lnhgnnih(Mltmy Trfinnitf.'uturuHy Mti.d<ul(fH''Hi(iusy Cajiifo^aurus, Metofiins, 
1 HddetoguaihuSy Ac.). The Ueptilian class was well represented. Anomo- 
(lonts were e.sjieciall}' abundant and varic<l in form — P(n’euisaaru$y 
Tapiiiotrphdlvs, TH(iiiosur/n(.<y (Utlesduni'i, CffKOOd/nts, Jh<'fpnn/tniy Chidrn- 
odoH, FmloflniKlou, J*ronil>ijthon. Of the I’hyiichoeeplialous types which 
first ajipeared in Permian time, and are almo.st extinct at the present ilay, 
bone.s and oven nearly entire skeletons have been ili.scovered in the 'J’rias, 
the most important genera being IffiprtndupedoUy Ithijm hosduraHy and 
TAf'i'pctun. The, earliest deinosaurs yet cmtainly known occur in this 
sy.stem ZducloiJon ['I\ lolnsumtis, Phtieosavrus], J^nhnmuruSy 

(Uadjiodony Ammosaunt.<, Anrhisanrus, Ac.).’ 'J'he.se long-extinct ty[>(‘s of 
reptilian life presented charactcr.s in .some measure intermediate between 
tho.se of the ostriches and true replile.s, and their size and unwieldiness 
gave them a resemblance to the elephants and rhinoeerose.s of modern 
times. They appear to have walked mainly on their strong hind legs, 
the prints of their hind feet occurring in graat abundance among the red 
sandstones of Connecticut (Fig. 211). Many of them had three bird like 
toes, and left footprints (piite like those of birds. Others had four or 
even five toes, and attiined an enormous size, for a single footprint 
sometimes measures twenty inches in length. 

The ichthyosaurs and plesiosaurs, which })laye<l so foremost a jwirt 
in the reptilian life of Mesozoic time, hail their Tnas.sic forerunners 
(MLTfmuni.<, Xoflwmaru'^, Simomuriis, J^ur/it/plnfra Nmstuo.-idvi us). ^ Of 
higher gnwle w'ere the earliest types of crocodiles, the reraain.s of which 

* See on ileinosaurs of tin* Tria.**, Hu.xloy, J. fw. S. xxvi. 32. .Marxli, Amer. Juum. 
Set. xxxvii. (1889), p. 331 ; \hi. (1891), p. 267 ; xliii. il892), p. .''/12 ; xlv. nspiy, p. 169 ; 
1 (1896), p. 491 ; O’ed. Man. (1893), p. 150; (ls96), p. 38S ; (1897), p. 38; (1898), p. 
6 ; (1896), p. 157 ; 16th r.S.G. S. (1896), pp. H.3-244. 
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have been detecte^l in Tmssic rocks. They belong to an extremely 
generalised type, and appear to have been widely distributed. Stagunolepis 
and Erpetosuchus occur among the other reptilian remains at Elgin,' while 
lielodon (Phjtosaurus) has been obtained in Germany, India, and North 
Amei^ica. 

It may be remarked here, with reference to the occurrence of reptilian 
remains, that though they may be rare throughout a system, they are 
not infrequently met with in considerable numbtjrs at some particular part 
of a deposit. Thus in Britain, a s])e(;ially prolific locality for them has 
been the district of Elgin in the 'north of Scotland, formerly believed to 
be Upper Old lied Sandstone. This rock contains the remains chiefly in 
the form of empty casts. Besides the small lizard, TelerpeUm^ described 
by Mantcll in 1852, as well as the larger possibly allied form Hijpero- 
dapedon^ the sandstone has yickled a number of new forms of anomodonts 
which present a curious resemblance to those found in the South African 
Karoo beds. Tlicse skulls and skeletons have been skilfully w'orked out 
and described by Mr. E. T. Newton of the Geological Survey.- One of 
them, Gordon la, was nearly allied to Dinjnodon (Owen), Gnlia was closely 
related to Vtydwgmithm^ while Klginia was a remarkable many-horned 
animal distinctly allied to Pareutminnis (Owen), 'i’lie same sandstones 
have yielded the crocodile.s Stagonolrpi.% Erpeioatirhiis, and OrnitfmucJins. 
Again, a slab of the “ Stuben.sandstein ” near Stutlgart was obtained in 
the year 1<S77 on which lay twenty-four individuals of another crocodile, 
Aehmurm,'^ But perhap.s the most remarkable assemblage of Triassic 
vertobratc.s has })ccn obtained from the Karoo formation of South Africa. 
These remains include Labyrinthodonts {Mirropludii^^ Pdrophriinr)^ Anomo- 
donts (7bp/WcpA/«/«.s*, ParmtmurnSy Jnthodon)^ lihynchocephalia (Sauro- 
sternon)y and a largo number of genera belonging to a remarkable 
carnivorous order, the Theriodonts, distinguishc<l }>y having three sets 
of teetli, like those of carnivorous mammals {LijnmuinSy 'Pigrwu'hiiSy 
Cyimlracoy Ac.). There were likewise e.\amples of Dicynodonts, char- 
acterised by having no teeth, or by a single tusk-like pair, the jaws 
being {)rol)ably jirolonged into a horny beak. The limbs of these 
creatures were well developed, and the animals probably walked on the 
land {Dicijnodo)iy Ondenodon, Ac.)."* 

It has been supposed that evidence of the existence of Trhissic birds 
is furnished by the three-toed footprints above referred to. But prob- 
ably the.se are mostly, if not entirely, the tracks of deinosaurs, the 

^ On the ( ’r(K'0<lili.an reinuinsof the Elgin Samlstojie see Huxley, J. U. S. 1859 ; Mem. 
(•col. Suit. Monograph lii. 1877; and K. T. Newtoji’s Memoirs, Phif. Trans, vols. olxxxiv. and 
clxxxv. (1893-04). A new form from the Elgin Sandstone, unmed by E. T. Newton 
Ornit/^ositcfius, is regarded by him as prol»ably deinosaurian {Phil. Traris. clxxzv. (1894), 
B. p. 601. 

■J In the memoirs cited in the foregoing note. 

3 0. Frans, Jahrb. Ver. Sat. Wurtemberg, xxxiii. (1877). It may be remarked also 
that the recent discovery by Professor Amalitzky of abundant Permian reptiles (p. 1069) 
w.-vs mad® from lonticles of sandstone in what had been supposed to be unfossiliferons strata. 

'* Owen’s ‘CataloguR of Fossil Reptilia of South Africa,’ Brit. Museum, 1876. 
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absence of two pjiirs of prints in each track beinj; accounted for by the 
bird'Iike habit of the animals in the use of their hind feet in walking. 
One of the most noteworthy facts in the palaH)ntology of the Trias is the 
occurrence in this system of the first relies of mammalian life, in what 
are believed to be detache<l teeth and lower jawd)ones. 'Fliese have 
been referred to small Prototheria which juesent some rosemblame to 
the M^ritmcobius, or Baiuled Ant wUer of New South Wales. The 
European genus is In the Trias of North ( arolina a 8upjx>scd 

marsupial has been dcscri})cd under the name of Diomilhirium. It is 
possible, however, that some of the^e organisms may be reptilian. 


S 2. fiOcal Development. 

Britain.' — Triassio rocks occujiy a lar^c ar«-a of the low plains in the oentro of 
Kngljind, langing thmeo iiorlliw.ink along the Hanks of the ('arhonifcious Ir.tcts to 
Lancaster Hay, and southwards l.y the lioad of the Hnslol ('h.inmd to the vimth-cast of” 
Ocvonshiie. They have heen atranged in the ((dlownig ''Uhdivi.sions 

..j ,• .1 / iVnaitli iH'ds. - licit, gret-n, and grey iii.itL. lila< k Kh.dcs, and “ Wliite 

'l’j>lH*r Kcuper or New Marl. Hcd ainl grey sliaUs ainl mails, 
witli ImsU oI lo. Iv sail and gypvinii -'•On llOOh h-ctl 
l/iwcr Kciipt-r S.nidsloiic. Thiidv inmuiatcil mn a< cows sandstones 
and in.srls (\S alcrstones), ji.as'nii' iluwnwards into while, hrown, 
or reilhsli sarulstoiics, with a basi* of • onglonirratc or lueetia i ITtii 
to lifiO fci-t . 

t'j'!*'' Mottled S.uidslnne. Soil hi 'gilt lid aiid xanegali'd sandstones, 
without pehhles '20u t" 70o levt). 

iVhhle- lieds. Ilaider red<hsli*hro\vii s.iiidstuii“s with <|uart/i)se 
jiehliles, passing into conglouiei.Ue . with a h.ase of ealeareoiis 
bieoeta to more tliaii lOhO f«*.t\ 

Lower Mottled Samlstone. Soti bngla led and variegated sandstone, 
without |»ebbles (80 to (J.'iO leet). 

Like tlio iVrniian led rocks lirlow, the sandstones and mails of the Tiiassie seiies 
are alinost baneii of oigaiiio reriiain.s. E\tiaordiiiaiy dilfeivmrs in the de\elopnitnf, of 
their several inenihers occur, even within the limited .area of Kiigiaml, as may he seen 
from the snhjoiiicd table, whhh .shows the variations in thieknes.s from north-west to 
.south-east : 

* See P. B. Brodie, Tm/it. do,}. S>,\ London, v. (ISfJt. p. a-tl ; V. ./. f,\ S. mi. (Ih.'iO), 

p. 371; .\hii. p. 540; \li\. (1.803,, p. 171 : 1. p. 170. E. Hull, “ IVrmian and 

Trias'.ii: Rock.s of Knglainl,’' (t'€olf>yirii/ ,Surru/ Mtimur.s, 1869. H, B. Woodward, OVo/. 
Mat/. 1874, ji. SS.'i ; “fJeoIogy of East .Somerset and Bristol t’oal-liehlR,” Mem. fieul. Surcry, 
1876. Ussher, ij. J. iJi. S. xxxii. p. 367 ; xxxiv, p. 1.09 ; May. 1875, p. 163 ; 7Voc. 

Arch. Xut. llu.t. Soe, xxw, (1HS9). Ethernlge, J. iJ. S. xxvi. p. 174. A. Irving, 
Gef>l. Ma;/. 1874, i>. 314; 1887, j). 300; V- 18^8, !»• 149. W. T. Avdiiie, 

op. cit. 1877, p. 380. J, G. Goodchild, Trans. Cumbe,!. Writiiw^d. Assm:. xvii. (1891*02). 

E. Wilson, Q. J. O. S. xliv. (1880), p. 761. T. Tate, np. a/, .\lviii. (1892), ].. 488. 

* The term “Rhaetic’' is ilerived from the Rhietian Alps, wlu re the rocks so named are 
well developed. “ Bunter ” and “ Keui»cr ” are terms liorrowed fiom Germany, the tint waa 
takeb by Werner from the variegatetl (German, hunt) colours of the atraUa, the second is a 
local miner’s term. 


l'pP‘‘r 'I'riii.s 
or KeiijHjr. 


Lower Tiiiis 
(oi Bunter 
(1000 to 
2000 leet). 
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l.anrashire 
and W. 
Cliesliire. 

— 

Staflordsliire. 

Leicestersliire 
and Warwick- 
shire. 

Keuper. -j 

^ Red marl .... 

^ Lower Keuper sandstone . 

Feet. 

3000 

450 

Feet. 

800 

200 

Feet. 

700 

150 

Bunter. -! 

[ Up|>er mottled sandstone . 
Pel)ble-liod.s .... 

600 

500-750 

50-200 

100-300 

absent 

0-100 


\ Lower mottled sandstone . 

200-500 

1 

0-100 

absent 


Honco we observe that, while towards the north-we-it the Triassic rocks attain a 
maximum depth of 5200 feet, they rapidly come jIowii to a lifth orsixtli of tliat thick- 
ness us they pass towards the soutli-east. Soutli-westwards, however, they swell out in 
Devon and Somerset to probably not less than 2500 or 3000 fcct.^ Recent borings in 
the south-eastern counties show the Tiiaa to be there generally absent.^ The main 
source of supply of the sediment which formed the material of the Triassic deposits 
probably lay towards the noitli or north-west. The pebble-bcils, besides lo( al materials, 
contain abundant rolled pebbles of (piaitz, which have evidently been deiived from some 
previous conglomerate, ])robably from some of the Old Red Sandstone masses now 
removed or concealed. The Tria.s rests with a more or less dei ided uncouformability on 
the rocks underneath it, so that, although the geneial physi(>a} conditions as regards 
climate, geography, and sedimentation, which prevailed in the Permian period, still con- 
tinued, terrestrial movements had, in the meanwhile, taken place, whereby the IVrniian 
sediments w'ere generally ujuaised and exiiosed to denudation, lienee the Trias ri*sts 
now on Permian, now on Carboniferous, and sometimes even on Cambrian or Pre- 
Cambrian rocks. Moreover, the upper parts of the Triassic sern s overla[i the low'er, so 
that the Keuper groups repose .successivtdy on I’ermianund older loi ks. 

The Hunter series is singularly devoid of organic remains. The rolled IVugments in 
the pebble -beds have yielded fossils at Hudleigh Saltcrton, on the southern coast of 
Devonshire (where a fine coast-section of the Triassic series is displayed), juoving that 
Silurian and Devonian rocks were exposed within the area from which the materials of 
these strata wore derived. The jicculiar quartzites of the Hudleigh Saltcrton jiebhles 
do not seem to have conic from any British rocks now visible, but rather to have been 
derived from the north-west of France.* The pebbles in the Hunter conglomerates of 
the Jlidhvnds likewise indicate derivation from some source which has not yet been 
satisfactorily traced in the British Islands. A marked characteristic of the Hunter 
scries in Ccntial England is its ctt|)ncity for holding water, whence it is an important 
source of watcr-.sup]dy. 

At the base of the Keuper series, in the region of the Meiidip Hills, a remarkable 
littoral breccia or conglomerate occurs. Over Carlmniferous Limestone it consists mainly 
of limestone, and is precisely like “brockraiu” (p. 1070), but iu the slaty tracts of 
Devonshire, the fragments are of slate, jwirphyry, granite, &c. Its matrix being some- 


^ Ussher, Q. J, iied. xxxii, 392. 

**lhMl strata in the deep boring at Richmond are believed by Professor Judd to l>e 
Triassic. Mr. Whitaker regards as Trios similar rocks found under Kentish Town and 
Crossness near London. 

* For ail account of their included fossils see Davidson, P(tlA'onlogmj>h. Soc. 1881. The 
nature and origin of the pebbles in the Bnnter scries of the centre of England have been 
repeatedly discussed 1»y Professor Bonney. See especially his last paper iu J, O. N. Ivi. 
(1900), p. 2S7. 
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times dolomitio^ it has beon called the Dolomitie Coiiglamcrato ; but it occasionally 
passes into a nia#?nesian limestone. It repi'csciita the shore de^msits of the Trias salt- 
lake or inland sea, and, as it lies on many successive horizons, wo see that the con- 
ditions for its formation i>ersi3tcd during the subsidence by which the Mendips and 
other land of this region were gradually depressed and obliterate<l under the red sand- 
stones and marls (see h'igs. 213, 22,')). ‘ The Dolomitie conglomerate averages 20 feel 
in thickness, but hero and there rises into cliffs 40 or r.O feet high. It has yielded 
two genera of deinosaurs {PnlH'osdurtus, ThroMiontoaanrm).^ Some geologists have 
reganled this hand of rock as an Knglish reprc.>>entative of the German Mu.srhelkalk, 
But the manner in which it ascends along what was the margin of the Triassic land 
shows it to he a local base occupying successive horizons in the red rocks. There is no 
equivalent of the Minsehelkalk in Britain, unless the middle division of the Devonshire 
Trias can be .so regarded.'* 

The lowci Kciiper group is coiu|)osed of red and white sandstones with occasional 
lenticular bands of coarser material, and, like the wirresjKmding strata in the Biintcr 
group, is generally unfussiliferous, but has furnished many amphibian footprints. The 
surfaces of the sandstoiie-beds are likewise itnpresHcd with rain-drojw and aie marked 
with dc'-iccation-oracks and ripple-marks, sugge.stive of flat shores exposed to the air. 

Ill the upiHM’ KeiijHM- group the sediments were generally muddy, and now appear as 
red and variegated marls, witli oocasiuiial partings of samlstone or bands of dolomite or 
®f gypsum. Among these sttata aie ImsIh of rock-salt, varying from a few inches to more 
than 100 foot in thickness. The marly character of tin- upper Kenj>er is a distinguishing 
feiituie of the group from the south <tf Scotland to the, south of Devonshire, and from 
Antiiin to the of Yoikhlare. Throughout lhi.s wide area cuhiail easts of salt 
{chloiide of soiliiim' are not infrequent, though this substance is only woikable at a 
few places (Antrim, Cho.sliiie, Midtllesbrough).* The salt is cliielly obtained by dia- 
solviiig tlie material underground and pumping up the brine, very little being now 
actually mined The lock-salt as it iktuih intei<Mlcated in the marls is a crysUlline 
.sub.staiifc, usually tinged yellow oi led fiom inteimixtiiie of iday and peroxide of iron, 
but is tolerably pure in the best parts of the beds, where the proportion of chloride of 
soiliiim is as nuieli as IKS jiei cent. Through the bright red marls with which the salt 
IS interstiatilied tlierc niii thin .seams of rock salt, also bands of gyjisiim, somewhat 
iiiegular in then mode of occunenec, occasionally reaching a thickness of 40 feet and 
upwards. 

The paucity ol organic remains in the Knglish Keuper indicates that the conditions 
for at least animal life niiist have been extremely unfavourable in the waters of the 
ancient Dead Sea W’hcrcin these led rocks were accumulated. The land j»os.s»'8seil a 
vegetation which, from tlie fragments yet known, seems to have consisted in largo 
measure of cypress-like coniferous trees {V'oUua, If'dlchui), with cAlamites on the lower 
more marshy grounds. The red marl group cuiitains in some of its layers numeious 
valves of the little crustacfati Kslhcrin miuiita, and a solitary s|H‘cics of lanicllihraneh, 
Tapes f {PulUtstra) arnikolns. The green gntty mails of Warwickshire have yielded 
three species of probably marine shells {Thrarmf J‘hol(idohii/a ! Nuculaf), too imjicr- 
feotly preserved for satisfactory detormination.** A mimlier of teeth, spines, and some- 
times entire .skeletons of fish have l>een obtained {IfipUronottm ci/phm, Dietijopyge 
{!). supen^es), Acrodtts keiipcrinm, A. viinimm, kc.). The bones, and still more 

* De la Beche, Mem. lieol. Surrey, i. p. 240. H. B, Woorlwanl, “Geology East 
Somei-set and Bristol Coal-Fields,” Man. U'eol. Survey, 1876, p. 53. 

* Etheridge, y. J. (J. S. xxvi. p. 174. 

’ U.ssher, op. cit. xxxiv. p. 46tJ. 

* T. Hugh Bell on .salt deposits of Middlesbrough, Proc. Cleveland Inti. Knyin. Session 
1882-83 ; and the papers by Mr. Wilson and Mr. Tate cited on p. 1091. 

® R. B. Newton, Journ. Conchology, vii. (1894), p. 408. 
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freqaentlj the footprintii, of labjrinthodont and even of saurian reptiles occur in the 
Keuper heda-~Zabyrin(hodm (4 species), Cladyodon Lhydii^ Hyperodnptdony Palaeosaui-us, 
Zanelodon (TeratosaunM), Thecodontonavrus^ Jlhynehomurns, and footprints of Cheiro- 
thtfrium. Tlie remains of Microlrsles have likewise been discovered in the highest beds 
sometimes taken as the base of the Kh%tic series. 

At the top of the Keuper marl certain thin-bedded strata form a gradation upwards 
into the base of the Jurassic systi'm. As their colours are grey, blue, and black, and 
contrast with the red and green marls lielow’, they were formeily classed without 
hesitation in the Jurassic series. Kgerton, however, showed that, from the character 
of the fish remains found in the “ bone-l)ed ” of the black shales, they had more 
pal.vontological affinity with the Trias than with the Lias. Sid>sequent research, 
particularly among the Rluetian Alps and elsewhere on the Continent, brought to light 
a groat series of strata of intermediate charaeters between the previously recognised Trias 
and Lias. These results led to renewed exainiuation of the so-called beds of passage in 
England (I’enarth beda),‘ which were found to bo truly jejue.senbitive of the massive 
formations of the Tyrolese and Swiss Alps. They are therefore now known as Rhretic 
(sometimes n.H Infra-Lias). In Knglaml this subdivision is u.sunlly classed as the 
up^ioriiiost nicmlier of the Trias, hut by some continental geologists it is placed as the 
base of the Lias. It offers evidence of tlie gradual approach of the physical geography 
and cliaractcristie fauna and flora of the Jurassic peiiod. 

The Kinetic (Peuartb) ImmIs oc< ur as a eoiitimious though tliiii bund at the to[i of the 
Trias, throughout the British area. They extend from the coast of ^'orkshire across 
England to Lyme Regis on the Dorsetshire shores.'"^ They occur in 8eattprc<l patches up 
the we.st of England, and on both sides of the Bri?>li»l Channel, and they have been 
detected in the west and north of Scotland (p. Ii:i7). Their thi( kiies.s, on the aveiage, 
is probably not more than fifty feet, though it raiely increases to l.'iO feet. In the south- 
west of England, they consist of the following subdivisions in descending order : - 
White Lias— composed of an iijiper hard limestone (Sim-l)e(l or Jew -stone, H to 18 
inches) with MtHiiuia imuniia and (Mrea linsstrn , and a lower grouj> of jiale 
lifiiestoiies (10 to 20 feet) with the same fossils ami /U'lifinuttfuf (Confium) 
pfnliiftiava {C. rhivfii'Hm), The Colhani Stone or Laml- 

.scape "Marlde (4 to 8 inchc'*! is a haul cimiimct limestone, with demlntie 
markings, lying at the of these caleareons .strata. At .Viist it has yielded 
elytra of C'oleoptein, wings of m.sects, and scales and peiicct s]ipoimens of the 
fishes LeynonoluH cothu»u’»xist PhoUdnphorvs llxy/ium, 

Black pa[»er-shnle.s (10 to 15 feetl, hnoly laminated and pjritoiis, with selenite and 
fibrous ealcite (‘‘beef ’’) and one or more -seams of terrugiiioiis and micaceous 
sand.stone (hone-bed) eontaiiiing remains of fish and saui iaiis.'* Some of the shales 
yield Ai'iruUf ‘'ontorta, I*iviomrdia [(\nihiiin) phlHipunta {(', rhtt(u'fnn), iWUn 
t'alnniemns {--Anen/u o»titoii(( zone'. 

‘ So named from theii Wing well devedoped in the cliH’s of Tenarth on the Glamorgan- 
shire roast. Bristow, Jlnt. .!*<««•. 1864, sects, p. 50 ; GVn/. Sun\ Veitical Sedinns, .sheets 
47, 48. 

'■* Strickland, Fiw. frVo/. S(>r, iii. Part li. p, 5S5. 11. W. Bristow, (•cuf. Mmj. i, (1864), 

p. 236. T. Wright, V- G’- ^vi. i». 371. G. Moore, op. nf. wi. j). 4.83 j .\Aiii. p. 450 ; 
x.\\vii. pp. 67, 450. W. B. Dawkin.s, \\. p. 396. E. B. Tawney, \xii. p. 60. P. B. Brodie, 
p. 03. K. M, Burton, xxiii. p. 315. W. J. Harrison, xxxii. p. 212, 1*: .M. Duncan, xxiii. p. 

12. J. W. Davis, xxxvii. p. 414. E. Wil.son. vwviii. p. 451. H. B. Womlward, “Geology 
of E. Somerset and Bristol Coal-fields,” J/cw. f»Vo/. Smrey, p. 69; Pioc. Gen(. Assoc, .v. 
(1888^: 

^ These remains haxe likewise Iteeii found in vast uumlH-'i's filling fissures in the Carljon- 
iferous Lime.stone which must have communicated with the surface in Rhietic time. One of 
these fissures in the Memlip Hills- yieldetl twenty-iiiuo teeth of MktolcsUs^ nine s{)ecies of 
reptdes, ami fifteen of fislies, and .as many a-s 70,000 teeth of Acrodus. Chus. Moore, (/ P- 
<f’. A xxiii p. 487. 
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Green and grey Marin (20 to 30 feet), with alaba&ter, celestine, and sometimes 
pHeudomorphn of rock-»alt ; generally unfossiliferous, but yielding Mtcmirstet, 
Tliese Marls form properly the top of the Keu^ier, the l>oue*bcd above serving Uh 
a convenient base ior the Rhwtic l)«ds. 

A bone -bed similar to that m the foiegoing section n‘apj>ear« on the same horizon in 
Hanover, Hrnuswick, and Franconia, Among the reptilian fossils are some precursors 
of the great forms which distinguished the .hirassic |H*ri<Hl (/cAtAyo.'iaunz.s and Vlfsw 
saurus). The fishes inclmle Acrwlm minitnus, CfniitHlus hiiussimus (and five other 
8{K*cie8), Ilyboflm niitior, Aemamnthvs uumtU/n-, Kc. Some of the liimellibranchs 
(Fig. 416) arc e->iK*cialiy characteristic; such are I'roUtcanlia {rnrdium) pfnlflyinud 
(<7. rhwtii'um), Jriatla conlot'ta, Pedni ruloiurnsix, and Tupisf {Puflastru) arniirufo 
(Fig. 41 ft). 



tig 4lt..- PoKsilh. 

II, l’n)l(var<lm phillipiAna (fiiidimn rhaticiih, M< riait.). i>, Avioilu eonturlii, t’ortloi k . 
r, IVoten valoiiH'tisiK, Defraiicc 


Central Europe. — The lagoon t\ pe of the Tiiassic system, sti etching from Kngl.ind by 
Heligoland (where it is uell developed)' into Cernmny, is one of tlie mo.sl conijmetly 
distributed geological formations of Knio|ie. It.s main aiea extends as a great basin 
from Ha.scl down to the jdains of Hanovei, traversed along its centre by the course of 
the Rhine, and stretching fiotn the Hanks of the ohl high grounds of S.i\ony and 
Rohumia on the ea.st aeio.ss tlie Vosges Mountaims into France, and uctoss the .M.-sdl,. 
to the thinks of the Ardennes. This must have been a great inland sea. out ot vibii'h 
the Harz Mountains, and the high grounds ol the Eifel, Hnnsdruek. and T.uinns 
probably rose as i.sland.s. To the westward of it, the Paheo/oic aiea ol the mulli of 
France and Helgilim had been raised up into hind.- Along the margin of laid, 
red conglomerates, sandstone, and elay.s were dejKisited, whieh now aj»|Kni heie and 
there reposing uncoiiformably on the older loimatums. Traces ofwliat wcie pujbuldy 
other basins occur eastward in the Carpathian distm-t, in the west ami sonfti <ustof 
France, ami over the ca.stcrn half of the Spanish jicninsula. IJiit these an as have litui 

' W. Dames, AW. Prr/m, 7th Dec. 1893. 

* Tliis land, acconling to MM. Cornet and Briart, rose into peaks 16,000 to 20,000 feel 
high I (Amu. .W. O'M, .A'o?d, iv.). 
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considerably obscured, Bonictimcs by dislocation and denudation, sometimes by the 
overlap of more recent accumulations. In the region between Marseilles and IJ’ice, 
Trias«tic rocks cover a considerable area. They contain feeble representatives of the 
hhjarriot Hunter beds, and of the Marnr$ iris^ or Keiijkfr division, 8e|jarated by 
a calcareous zone believed to be the e<|uivalent of the Musclielkalk of Germany. Their 
highest platform, the Hhictic or Infru-Liaa, contains a shelbbed abounding in Avieula 
eontorla, and is traceable throughout Provence.* 

In the great (I'crman Triassic basin’ the deposits are as shown in the subjoined 
table 



Rluetic (Rliat, Infra- Lias). — Grey sandy clays and Ane- grained sandstones, 
containing Kquinetmi, Aupknites, ami cycads {Zimites, lUeropkyllum), 
sonielinu'H forming thin seams of coal — ProUtcardia {Cardium) phU- 
lipuina {(J. rfuttiCion), Arieula contorta, Estheria minuta, NUhosaurus, 
Trematosanrua, liehAon, and Mkroleates aatiquua? 


/"Keuperniergel, Gypskeuper. — Bright red, green and mottle<i marls, with an 
underlying set ot be^ls of gypsum and rock-salt. In some places where 
siiiidstunes appear, they contain numerous plants {Equiaetvm columnare, 
Pterophyllnm, Ac.), and labynnthodont and fish remains^ (300 to 1000 
feet). 

Letienkohle, Kohlenkeuper.® -Grey sandstones and dark marls and clays, with 
abundant plants, sometimes forming thm seams of an earthy hardly work- 
able coal (Lettenkolile), aliout 230 feet. The jdauts inchnle, l»csi<le thase 
above mentioned, llio conifers Amttcanojylou fhitrimjiatiii, VoUzia hetero- 
plti/lln, \Vt<ldnn;ftiiiilfe.H InipcriaitKa, TnHoqdena ntUitu, pterophyllnm 
(ati;fi/'o/iiiiii, kv. A few shells have been nhtaineil from this group, 
e.speeirtlly Irom a haml o( ilolomite. at its upper limit {Littf/ula knmsahm, 


‘ Hebert, Itid/. Sm’. UCol. Frnncf (2® .ser.) xix. p. 100. Dieulafait, Ann. St-i. (ifiuK i. 
p. 337. 

’ E. Weiss. AV/^cv Jahi'h. 1809, p. 215 : Z, />. f/. fr'. \xi (1869), i>. 837. V. W, Gimibel, 

‘ Oeoguostisebe Besclireibung des Koiiigreichs Bayern,’ m. (1S79), cliap. w. F. Roemer, 
‘Geologic vou OlHMsoblesleii,' 1870, i». 122. E. W. Benecke, ‘liber die I’rias in Khsass- 
Lothriiigcn uiul Luxemburg,’ Ahh. (kof. Speviallorte KfaosH-Lofh. i. I’art iv. (1877). 
O. Meyer, Mdth. Com. (feoi. Kh.'Lodt. i. Parti. (1886). 11. Biuking and E. Sehumneher, 

op. at. ii. I’lu't 11 . (1889). E. W. Beiiecke and L. van Werveeke, op. cd. iii. Parti. (1890). 
A. Sleucr, op. cit. iv. (1896) ; and papers b\ E. E. Sclmiid, M. Biiner, \V. Fraiilzen, 
J. G. Uoruemaiin, A. von Koeneii, H. Loretz, H. Grebe, H. Proseholdt and G. Muller in 
the volumes of tlie Jiihrbiieh of the Priissiaii Geological Survey. I)etaile«l measured sections 
of the Musclielkalk and liCtteukolile iii Franconia are given by F, v. Sandl»erger, Ver/i. Phya. 
Med. Oea. xxvi. (1892) No 7. S. Pa-ssarge, ‘Das Roth im o.sthebeu 'rimringien,’ 

Jena, 1891. E. A. Wulfiiig, Johre.dti'/f Verein. Vaterland. Xaturknmt. Warimbery, Ivi. 
(1900), pp. 1-16. 

* The .\vicida coiitortu zone (see Dr. A. von Ditmarr, ‘Die rontorta-Zorie,’ Alnnich, 
1864) ranges from the Carpathians to the north of Ireland and from Swpfleii to the hills of 
Loiulmrdy. In northern and western Europe, it forms part of a thin littoral or shallow- 
water format ion, which over the region of the Alps e.xpamis into a massive calcareous series, 
that accuninlated in a deojier and clearer sea. It is well developed also in northern Italy, 
flee Sto))i>ani, ‘Geologic et Paleoutologie des Couches k Avieula Coutorta cn Lombardie,’ 
Milan, 1881. 

* It is deserving of notice that while in the {lelagic or Alpine facies of the European 
Trias fish-remains are on the whole .scarce, and only occur in numbers at a few places, they 
are widely distributed and tolciVably abundant throughout the German Trias. See 0. 
Jaekel, Abhatid. Oeoi. Specialhart. Efaaxa-lAdhr. iii. Heft iv. (1889). 

’ On the lithological subdivisions of the Musclielkalk and Lettenkohle groups see 
Professor Sandberger’s (laper aliove cited. The Lower Keuper of Eastern Thuringia is 
described by E. E. Schmid, ANuntdl. Prema. fJeol. LandeaanH. L Heft ii. 
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I Myopkoria (Jidt^fu4su trvtutYrM, Atu^jtittphurttf HtrnhJtut 
j VrratiU« Schwidii). Some of the iihale« are orowtlecl with Kmall phyHo|MHl 
I cruMtaeea {Jutlutrui’ minuitt, alxo JiairdUt). lleiiiaiiiH of Hsh {Acrtniuit, 
j ('entlfHius) and of the MatiodoHmurus Jayn l niid Xot/u^suvrus 

\ have been obtained from one or two boiie beds in the group. 


PQ 


'Upi>er Limestone (Haiiptiiiuflchelkalk), divisible in Thuniigm into two grmips, 
a lower hard encnnite linie.stune (Trochitenkalk) and an upjter group oi 
thin limestone wdh argillaceous partings, known as the N\kIosus gri>u}> 
from the abundance of f VmfjVcx h(n/<mua (200 to 400 feet). In some regions 
(Wurzburg) a third still higher group of tloloniites and limestones, 6 feet 
thick, is called the Trigonus group from the pievaleiice in il of Tnijonmlm 
Sutidhoyeri. The upjier Musehelkalk is by far the most ubiindantly fossil- 
iferous division of the (>ermnii Trias. Among its los-sils, Temiutcheilus 
hutnrsiUiii, Ptychitcs i/tu, Centhirn antfcrdens, (\ triHodnsn^, 
Lima striata, Myopht-ria ruiyaris, Triyo»tidii>, Saiidttrrgfri, ainl Tfrrbratula^ 
{Ciruothyns'\ n/Zj/orw are speciall) characteristic, with Kncnnus Iditjariais 
in the lower ami Crratites lUHiosa.s in the upper part of the nnik. Some 
parts of the lower limestones are almost wholly made up of crinoid stems, 

.Middle [iimeslone and Anhydrite, consisting <if «Iolomiie.s with anhydrite, 
gypsum, and rock-salt. Nearly devoid <il organic remains, though bones 
I and teeth of sauriaus have been found (lOU to IIOO feet). 

' Lower Limestone ( Welleukalk), coiisi-ting ol limeslones and doloniites 
Wcllendolomite}, with m the up}H*r part iKinds ol porous limestone known 
as Schaiimkalk (100 to 500 leet). This zone is on the whole poor in 
fossils, .save in the limestone bamls, some of wliieli arc full ol Kncrtnns 
Jlrakli, K. yrariti'^, K. adrswru'i, K (’amalit, iWtni la'ityatas, Htrrnrsia 
Sitnn/i\ Miiophona orlnailari'^. The middle portion of the limestone has 
yielded .i number of braeliiojiods [Spiri/rriiai f'rayUis, /itii>iit(i, Athyns 
triifonc/hi, Trrrhratnia ritly<iri\ 7'. onyusta, while the upper jiart or Schaiim- 
kaik eontuiiis iiiinicrous laniullibraiiehs, espeemlly the whlcspread genus 
I Myophurta {M, ruiyaris, orfnndaris, dryaas, cardimudes), Uerxillut 

' rnstata. Mount xh Alhrrti, J*ritrn disntf'i, hniialtinit fnryualuui, ami some 

I ammonites {/imecketa JUicht, llnnyante't Stroudtrcki, lUdotoaUcs Ottonis, 

1 Arrm'hnrdiceras Dnmrst). 

^ Upper (Itotli).- -Keil and green marls, with gyi»suni in the lower pari, and 
sometimes lieds of rock-salt (250 to ,‘100 leet), Oeeasiotial bands of dolo- 
mite {IV\itororaUium dolomite of Thuiiiigia) yield a itumiK’r of fosHils 
{RJxiztK4trul/iu)ii jenen'ir, proljablya sponge, Myophona mduta, M. ni/yaris, 
Htrrnrsui sncialts, Plruromya murt/oi>h the ammonite /ie«rr7.ria truius). 
llie Myopharta i.s specially charuetcristie. The plants ol this stage eon 
sist chiefly of Voltzut, with ferns and horse-tails. 

Middle. — Coarse-grained sandstones (1000 feet\ sometimes im'ohereiit, with 
w’ayboanls of /'^/A^rm-shale ; amj'hibian lootprints and remains of laby- 
! rinthodoiits. 

Liiwer. — Fine reddish argillaceoii.s lalse-bedded sandstone (On’s des V'osges) 
! several hundred feet tliick, often micaceous and fissile, with occasional 
interstratitiimtioiis of dolomite and of the marly mditic limestone called 
“ Kogensteiii.’ Fossils extremely scarce ; Hstheria lunmtn oi'curs in some 
layeis. 

The Hunter division, in the north and centre of (leimany, lies <onformably 
on and passes insensibly into the Zechsleiii. Excejit in the dolomite lieds ot 
the Roth, It is usually Ijarren of organic remains. The plants already 
known include Etpnsetum arfriarcutii, K. Mwyrott, one or two ferns {Ano- 
moptfris, Caulojtttris), and a few conifers iMbrrtia and Vidtzia). The 
lamellibranch Mynphoria cosfata is found in the upper division all over 
(ierniaiiy. Numerous footprints [t'heirotheriuin, Figs. 211, 212) occur on 
the sandstones, and the Inmes of labyrinthodonts ( TreuuU^imuras^ (Jajato- 
k saurus) as well as of fish have been obtaineil. 


In the Vosges, the Hunter (Gres bigarrd, Vosgian) consists of (1) a lower coarse red 
unfosailiferous sandstone (Orfes des Vosges) resting conformably on the red Pennian 
sandstone and marked by the frequent crystalline condition of its quartz-grains ^crystal- 
lised sandstone, p. 166) : also by its quartz-conglomerates, which occasionally reach a 
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thickness of more that 1600 feet ; (2) an upper series of red sandstones, surmounted by 
marls, formitig the (Jris higarri and containing among other fossils Foltzia, Albertia^ 
Hguisctuhi arcnacrum, Myophoria^ Xothom/urus Srhimperi, M^nodoa plicatus, Odonto- 
BautnH Voltzii, MtutodmisaiiniH waalenciudit. The Muscholkalk in the same region is a 
compact grey limestone capable of subdivision into three zones, as in Germany, while 
the Kcuper (Marnes irisces) presents a characteristic assemblage of bright red and green 
mottled argillaceous mat Is.' 

Spanish Peninsula. - The lagoon tyjte of the Trias extends southwards into the 
eastern part of the Pyrenees and through the east and south of Spain. In tlie district 
around Molirm do Aragon the three fleriuan subdivisions of the systetn have been 
rocogniscd.- The lower conglomerates and windstoucs of the province contain land- 
plants Albertiu). Higher horizons in diflerent parts of the i)«ninsula 

present marls and dolomites sometimes with Mu.schelkalk fossils. In the Pyrenees also 
Various saliferous marls orciir which are assigned to this system. 

ScandinavlA.'' -~Northward.s the Tria.s8ie lagoons of Central Europe .stretched as far as 
Sweden. Though fragmentary remains of the tenestrial fltira that clothed the land 
which suiTounded the German Triassic inland sea not infi'etiueiitly occur in tlie de]»osit8 
of that basin, it is towards the north that the most nimndant traces have been recovered 
of the vegetation of the i»ei iod. Above reddish saliferous rocks, prcsuniahly Triassic, 
tliere come in houtlieru Sweden certain light grey and yellow strata, which, froiri the 
oceiinence of rnntorfa and other fossils in them, are assigned to the Kinetic 

stage, though possibly their higher members may be Juiassic. They attain in some 
places a thickness of COO to 80u feet, and cover about 250 Mpiare miles. They have 
lieen divided into a lower fresh-wator group, with workahlo coal-.seams, hut no marine 
fossils, and an ujiper marine group, with only jioor coals, but with numerous marine 
organisims {Ostnu, Pedeti^ Avicttla, Ac.), In the coal-beanng strata clay-ironstones 
occur, and scams of fireclay underlie the coals. Nuthor.st and Lundgren liave brought 
to light 1.50 species of plants from the.se beds— a larger nunUter than tlie whole of the 
Triassic flora of the rest of Europe. At lljuf they include :J0 .s[>e( ics of ferns, J56 cycads, 
15 conifeis, and 1 monocotyledon. The Swedish Triassic rocks have been arranged as 
follows ; — 


Younger Illurtic 
Middle Rliivtic 


Older Uluetic 


Ba.se of lii.as with Cardima, &c. 

Zone of Xi/ssniiia pulyvun'pftu. 

I “ Piillastra ” be«l. {Tnitesl [PidlKstic] Mytiliis minvtus^ 

I (htrea Hisingeri.) 

I Zone of ThanmutoptfriH Schenki. 

\ Zone of K'/itisi fum gracife, l^odiKomitn /oneco/o^i/.v. 

(Zone of Lt'pidoptei in Ottems. 

Zone of Ciiuiptvpteris lUiirra paucijMtrtita, 

\ Zone of Ammiozamih’s gracilin, J^uHsayu ^^ernhfi-gi, hii'ty«phyllum 
k erile. 


Alpine Trias.* - -Wo now pass to the considi'ratinn of the pelagic or open sea 


' Beneckc, AbhamU. Sfiecittlkart. Kl mss- Loth ringen^ 1877 ; Lepsiua, Z. JJ. (». O. 1875, 
p. S3 ; and hi.s * Geologic von Pentsclilaiid.’ 

1). Salvador Calderon, AW. Esp, Hist. Nat, x.wii. (1898), p. 177. 

» See Hebert, .-!»/». ScL (Hid. 1869, No. 1 ; Jl. S. (J. F. (2), xx\ii. (1870), p. 366. 
Afewoii's ip' the Gfoii^gieal Stn-rty of A'iccrfea, esi)eeially Nathorst “ Oin Floran Skfine.s Kolfor- 
ande Bllduiugar,” 1878, 1879 ; E. Erdmann, “ Be.skrifiiing till Kartbladet Helsiiigliorg, ” 
lvS81, p*. 42: G. Liinlstrom, ‘‘Kartbladet Engelliolm," 1880; also Nalliorst, “Bidrag till 
Sveriges fossila Eb'o," K. IVf. Akad. Ilaudl. Stockholm., xiv. xvi. ; Neues Jakrb. 1876, 
pp. 105, 891 ; 1879, pp. 973, 1004 ; (1882), i. p. 70. Lundgron, Gcol, Fi>ren. Stock- 
holm Ftiih. 1880 ; .Im«. (Hoi. Untr. Lund, iv. 

* See F. von Richthofen, ' Geognostische Beschreibnng der Umgegend von Predazzo,’ &c, 
Gotha, 1860. Gumbel, 'Ceog. Beschreih. des Bayerisch. Alpen,’ 1861. Stur, ‘Geologic der 
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development of the Europenu TrUs which extends across the Mediterranean basin. In 
the western Alps, certain lustrous schists, with gypsiiin, anhydrite, duhmiite, and rock* 
salt, lie underneath the Jurassic series, and have been referred to various gi'ologiral 
horiAins. Some part of them undoubtedly Lieioii^s to the Tri.is.* On the Italian side, 
they swell out to great projKirtions, reaching a thiekiiess of more than l.'hi'dO lect along 
the line of the Mont Ceiiis Tunnel. Traced through I'iedmunt, they an- found to play 
an important part in the structure of the noilherii A|M.‘nnim*.s, wlicie they contain 
the celebrated statuary iiiarhlc.s of ('arrara (pp. 804, IIO.'O. Tliev have undergone, in 
these mountainous tracts, extensive nietatnorphism, the oiiginal sh.ile.s oi niarls being 
changed into lustrous soliists, and the liiiiehtones into crystalline niaililcs. Hut even 
in this altered condition Tiiasaic fossils have Itceii louml in them 

Aln'iidy in Trijis.sio time a notable distinction had been cslahlished between tlie 
geograpliical conditions of tlic legions now matked by tbo eastern ami we.stcni Alps. 
The line of divi.sioii between the two areas may he said to coincide generally with that 
ancient line of N.K. and S.W. distuibanee known as the “ Kliinc-Ticim) fault.'’ 'I'o 
the west the Tiiaasio dciKisits point to varying Conditions of lagoons and inland seas. 
Eastward, however, the co!resp<nidnig deposits attain an ciiormons development, and ar« 
HOW’ recognised as jnesimting a record of the deeper water <ti jwlagie eonditions of the 
Triassic |>eriod. As Mnjsi.sovie.s ha.s remaiked, what Knglaml and North Ameriea are 
for the I’al.eo/oic forniation.s in geiicrtl. what Hohemia is for the Ktluiinn system, what 
the .inra Mountains arc foi the .liiiassie dojMiMts, the eastern Alps are for the Tims.' 
Special inteiPit attacliea t(» the Thus of these Al]»s from the great tlueknes.s ol its 
limestones and their ihorouglily marine fauna, with a commingling of ralieozoie and 
Me.so/oiie types intercalated between the IVrniian and JurasHic sysU'ins. It would 
appear that during the deposition of these limestones the central core of eiystalline «n<l 
P.ilieo<ioic rocks of the Alpine cli.im rose a.s an islainl that .siretcbeil from the Kngadine 
eastward into Austria, Xoith of this’ old iiisulai tiwl the Tnassic strata arc on the 
W’hole .somewhat sandy, .the aceumiilatioii of liim-'tone there having been frequently 
interrupted by inroads of sand or silt, (in tnc south side the ileposition of limestone 
and dolomite went on more eontinuously, though interfered with occasionally by sub 
marine vob aiiie eruptions. Some of the dolomite masHes may have been coiabreefs ; 
Mqjsisovii's even believes that in tin- coiiglomeratie poitioiis ho can detect traces of the 
breaker-action by which the leefs weie gtoimd down, while the thin maria weie depo.sited 
in lagoons, or in the inner cliannel.s between the leefs and the bsml. Hut it is ajMcially 

Stciermark, ' 1871. E. von .Mojsisovi< s, Juhrh. Ht'nl. Vienna, 1S()!1, 1874, 

187,'), 1880 ; AUiinii/l, rW. Ih iihMinf-talt, 1876 18'J:t , Verhaa<U, lien liwvstti/f, 186iJ, 
187.'), 18751, 18516; St(zh. Akad. HVn, ci. ilS'iii), p. 76*1; ov. (18*16), ]». .6 ; and ‘Dolo- 
iiiitnife Sudtirols nnd Veiietien',' 1878. K Sius-., * I)ie Ensteluing der Alpen,’ 1875. 
.Memoirs by Von Hauer, bauhe, Sue*>s, Stic he, Stni, Ti>nla, Hittner, and ollieis iii llie 
Jnhrh. /leichxftii.'ifti/t. Von Haner’s ‘ (Ivol<*f»n-, ’ p. 3.58 ef xfif, Mrs. (jonion (Miss M. 
Ogilvie), V. ./. */. S. xh\. (181’<:j), 1 ; Mwj. l8<)2, p. 146; 18!M, p. 3.66; 1900. 

p. 337 ; Verhunill, (jenl. Reichsnnd. 1900, p. 306. The fos.sils are descnljeil by Hjuieeke, 
(ifnl. Rfdfkontnl. Heltr. vol ii. ; Mojvisr>\ics, Af'handl. tieoL Jleicluitmsf. \ \ vii x, ; l‘nfft- 
nnlnliitfiii Indiat, ser. xv. vol. iii. (1899); (J. L. baiilH*. Itfnksih. Akml. H'/o/, xxiv. xxx. ; 
A. Hothpletz, P(diVonfn>traphiM, x.xxiii (1886), ]>p. 1-180, Numeions other inenioirH arc 
cited by Mojsi.sovics in hi.s ‘ Dolornitrifle.’ 

* The “Sebi-stes lustres” of the western Alps and the “ Hnndners« hiefer ” farther east 
have given rise to much diseu.Hsion (p. 802). The ooulniversy has Ix-en well summarised by . 
Professor J. W. (iregory, J. (S. S. Iii. (18516), and by Professor Kothidotx, X. />. O. 
1895, Heft i. There can 1 j« little doubt that these rocks consist of a great scries of altered 
strata, which include Archaean, Palaeozoic, Mesozoic, ami even perhaps Cainozoic formations. 
The Trias-sic portion of them is generally recognisable by its peculiar lithological characters. 

‘Die Dolomitriffc,’ p. 39 
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deserving of notice that corals were not the only agents in the accunmlation of reeMike 
masses in this region. Alike in the dolomites and the massive limestones calcareous 
sea-algSB occur so abundantly as to show that they grew up into wide reefs, which, 
judging from what is known of the distribution of such organisms at present, show that 
the Triassic sea in these tracts did not exceed 200 fathoms in depth. Though organisms 
of higher grade are often associated with these reef-building plants, they occur most 
frequently in the thin-bedded marls and shales at definite horizons in the series of 
strata. 

Having regard to the lithology and palwontology of the Alpine Trias, Mojsisovics 
proposed some yeans ago to consider the system in the eastern Alps as pointing to the 
existence of two great marine “provinces.” The larger of these layover the sites of 
North and South Tyrol, Lombardy, and Carinthia, and stretched far to the east. To this 
area the able Austrian investigator gave the name of the “Mediterranean province.” 
To the other, which occupied a limited tract on the north-east slopes of the Austrian 
Alps, extending from the Salzkaminergut into Hungary, he gave the designation of 
“Juvavian province" (from the old Koniaii name of Salzburg). Though the Triossic 
deposits of these two regions were geologically contemporaneous, they enclose remarkably 
difierent assemblages of organic remains, insomuch that the pabcontological zones which 
can be determined in the oin? have not been found to hold good in the other. In no 
respect is this independence more strongly shown than in the gn at contrast presented 
by the Ammonites of the two areas. The Juvavian province has yielded a Triassic 
cephalopodous fauna far outri vailing in variety and interest lliat t)f any other tract. 
It was for a long time believed that the cephalopoda were quite distinct in the two 
regions, J*kylloceras, DiihjmiteSy Ifaloritrs, Tropifes, Rluibiioceras^ and Cochloccrtia being 
regarded as the dominant and distinctive genera of the Juvavian province, while 
Lytoceras, Hagcefraa, and Ptychitca were equally characteristic of the Mediterranean 
province.' The progress of research, however, ha.s shown that the so-called Juviivian 
province can no longer he strictly maintained, for the tyi)e of rocks and fossils on nliich 
it was based have been found in tlie midst of the Mediterranean basin. Nevertheless it 
remains true that the {>6culiar lithological and paheontological features, ns well as the 
complicated struclnro, of the district of the Salzkammergnt have up to the present time 
interposed very great difficulties ia the way of the institution of any exact coniparison 
between tlie Triassic succession in that area and in other jMits of the Alpine region. 
The table on the following jMige, compiled from the results of recent researclu's, shows the 
contrasted grouping of the Triassic formations on the two sides of the eastern Alps, ami 
their distinction from those of the German inland sea, between which and the Alpine 
basins there seem to have been only occasional and brief intervals of connection : " — 


' -Mojsisovics has incHlitied his earlier opinions regarding tlie order of the Triassic foniio- 
tions in the Salzkaminergut Akad. Wien, 1892, p. 780). 

* In the preparation of this account of the Alpine Trias 1 was greatly aiiled by Mrs. 
OordoD, whose intimate acquaintance with this geological system in the eastern Alps i.s well 
shown in her pa|)ers already cited. The table on next page was entirely drawn up by her. 
Compare the Table on p. 1106. 



* For a con){>ariAOit between the Tnaj> of (.iennany and tliat of the Alps, see Wohrmann, Jvhrb. 1. k. Ci<’L Feichi^nft. ISsp, p, isi. A useful summary Hill be 

found in Fraas' ’ Sceueric der Alp**n,' p. 14o. 
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1. liuiilcr.--The baso of the Alpine Trias shades down into the Permian formations 
( li»*llfro[dioii limestone, Groden saudatonc), and consists) of the group of red sandy 
micaceous sliule.s known as the Werfen l>eds {from Worfen in the Salzburg), which form 

tolerably persistent horizon. Among the fos-sils in the upper jwrt are Natirrlla costata, 
Turbo rrcfernshifus, Jtli/ophoria tusUifn, Muuotis aurita, and the ammonites TirolUes 
{ikrulitis) (‘(tssiaiiua, Ifnfiiialutus iUriu/ius, JK oinchianuf, Trachyceras Ltccanum, 
Noi’it's aqu-ib’iiniH. Sojiio of these urguiii.sin.s occur so abundantly as to form entire 
beds. (VumIs, ei hinodcims, and brachio[M)ds (except AiwynAi) are absent. In the loner 
part of tlie groiiji Motiotis Clarai is csjwcially abundant. The presence here of Myophot id 
contata, a chanii teiistic form of the German Roth, serves to mark the relation of the 
Werlen beds to the Tiia.ssic serica of the GtTinan area. 

2. M iischolkal k, - -It is above the ]Hjsition of the Werfen beds that the Alpine 

Trias liogiiis to ruanilest great lithological dilference.s, not only in the two provinces on 
the northern and southern sides of the Alps, bate\en within the confines of each piovimjo 
The geni'i.il clniiacter of the.se ilitfereiices is expres.sed in the foregoing table. Yet, 
with some notalile cxception.s, the |Mil,eontologieal zones can Ihj distinguished. The 
lower Musehelkalk of the eastern Alps consists in its infeiior |>oition of sedimentary 
deposits wliicli aie largely aigillueeuns, while the upper part is composed of limestones 
and dolomites an 'inged in lentK'uhir reef-like imusses. The lower aigillaceous division 
varies in its paheontological character. Mojsi.sovics dlstingnislies tliree facie-s, the lowest 
in wliicli lainellibranchs prcd<tininate (Kecoam), and which shows a close litho- 
logical and pal.'eoiitological relitioii to the German . Musehelkalk, f(»ll(»w'ed by one witli 
brachiopods ami laml-plauts, and tlnit by a thinl with cepbalopods (Dout, Val liifeina 
and lhags). The (.ilcareons gionp .sometimes lesembles in lithological character the 
Goinian Wellenk.ilk, but in certain places it assumes the as|s-ct of reefs. Among the 
most impurtant fossils of tlie Aljtiiic Lower Mu.schelkulk some are common to this stage 
in Germany, such Spin/i n'nti S.htm(fn, Uhym-hinu'Ua dixurtidn, Tcnbiafti/u 

{(^ii'.nolhni'iH) nibiitiia, T. unyuMu, Miittphoriu vu/ymus. IWtni thsnfi’n, Eiu i mas ynu-dh, 
Hrratitm li'ininbrnis. lint there lemains a large number of peculiar foims, especially the 
abundant animonifc-. (/V//rAi7cs-, Trucbinrids, numerous species, /.y/oirro-,). The rpjicr 
Musehelkalk is gcuerully a daik gicy to black limcstom*, but sometimes (Sal/kam- 
mergut) is leil and like a maible. Among the typical fossils aie Haiohut 

^SlnrL U. {ID /Hirfhiiiirasis, (Mhoiyrus rtmipunr/c, yuttfilns J'lyrhihs ijil>ha\ 

Ai’i'i’stf'H Bminaatn, ^'Eyocrivt nuyo/tn/i.'tcus, (Viutites {Tntihyrfrta) t) mudosusy and others, 

.'h Xoi if Stage. It was at the close of the depo.sition of tlic Alpine Musehelkalk 
and the beginning of the Noric .stage that the two great biological provinces above 
referred to wen* Hnally established. The general grouping of the format ion.s in each aiea 
and the sti iking <lil!erenee they pre.seut even within the saim area are best understood 
from the inspection of such a table as that given above. On tlic southern side of tlie 
Alps two groups ill this stage have Ih-oii lecognised : (1) the Ihiehcnsteiii beds, consisting 
ot thiggy and nodular limestoiies, with liornstone cuncridion.s. These strata have not yet 
leen found in the iiortbern Alp.s. .Vmong their fo.s.sils are OHhoernts JhHht, Arecstrs 
tromikianas, and otlier sj>ecie.s, rtychita, timpishhinahUi'utas. Saymras Zsiymmuiyiy 
LyUnyras^ cf. w nyt ucnsc, 7'rncbyccnis Curionii, T. Jh’itzi, and other .sj»eeie.s, 

MciitzAi, Ualohin {DaonAlu) Tarumvlhi, and other .sjiecies. (2^ Tlic Wongen beds 
comprise all the stiata lying between the Bnclienstem beds and the base of the St. Ca.ssian 
group. Their most important imiterial consists of a ilark sandstors with shaly jiartings, 
deiived ehwtly from volcanic ilctritus. In South Tyrol and in Curinthia sheets of lava 
and tutr lie at the l«iso of this group, and thicken out round the centres of eruption. 
With these intorlx'dded igneous rocks are associated bosses and dykes of augite-porphyry 
and molaphyie. A characteristic feature of the Wengeii beds is the great development 
of reefs formed by calcareous algie (Gitropardh, including Diplopurn), and built up into 
enormous maases of limestone and dolomite with corals, large Xsticas, and Chemnitzias. 
Among iho characteristic fossils of the Wengen bods are Trachyceras Archelaiis, and 
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numerous other s|»ecie8, AreaUs trideiUinus^ Pinatoaerus dtumievm, flalitbut tjviniMh\ 
with in Hiniie places reinains of land-plants, which include Xfinv- 

pttris several 8|H;cie.s Siujfiwjjteris, JWoytrrt\ TtunufriiUtu J'trroftJi}ff/u-Hy Tn mopkt it, 
Vi^lzia.^ 

1. Cariii I hiau Slavic. --The jijoogiaphioal dWtrihution of the two luiiniie |irovinces 
lasted beyond the early |)art of this sta^e. Thereafter the sejuiialion between them ^ladu- 
allv disappeared, and some of their peeuhar ummonitt s bi-j^au to mi-iiate Irom the one terri- 
tory to the otlier. In the sontlieni ai«*a Moj.sisovies has noted tliiee distinct (’atmllnan 
groups : {!) theSt. Cassiaii beds, consisting 4.f brownish ealeareous mails, limestoiifs. and 
oolites. This group has long been eelebrate*! for the astonishing .dnindance and xaiiety 
ofits organic remains. The K^ hinodermsare jmiticuhuly pnnnim-nt. Abnnd.int also nie 
the s{M*eies of Halofna ( IhoneUn < {II. russuma ainl If. Ilu'hthnf, m Coials abound in t be 
neigh bonrhooil ot the dolomite- reefs, and the eoial hanks, like the la-ds ot eehinodi-rms, 
can be traced laterally into tiicse leets TheSt (’assian Isslsaie lepiesentcd in <ithei 
jiurts of the Al]w by tossilibuons limestones i M.iimol.ita and Kmiio limestones in South 
Tvrol and Lombardy, Wetbustein limestone in \<*ith Txndjand maily iinlov-iililcroiis 
doltimites (Srdilcin dolomite in South T}rol. “ Er/.tuhiende Dolomit ' of t'aiinthia) of 
the “ leef tyjK* ” of Mojsisovies. tint of the laige senes ol tossils the tollowing may he 
nientionetl hen- . - 7V<«Ai/iv/vw ooa, species o| I.ohitis, (hthoiurtis, I\tiiifilus, 

liiifi rttt'f, <i'en'iili<' mujashf, I{(miiii'^:iitn Liiuiluinh, lihiiurhuU' Ihi srmipU’d<t , I'jK’nnus 
l\ Hlt(crian» propimju tOy ('idufis thi ■mto. (2' The Kaihl betls ' m.iil: tin* t loKO 
of the sepaiation of the two juovimes, lot they laiigc fiom the oik- int*> tin- otln-r. '1 luy 
consist of daik bituminous inaiiy sti.ila, with lentn uln beds and thick icel like massi-s 
of limestone, and fiecjueiitly wnh gypsiim and i.iutiiw.n ke. Their lann i, distingmsln d 
hy the largo mimher of littoral lamellibranchs. iio bides Tri'cmn Kr/ndtim, ('unUtu 

(rahildi, Coi'lidii Itiisflorid, ll»lobin rutjom, deniUin Miipthulus nirtufhiarn's, 

Chi 7 nnitzi>ii\i iuuo, Xuiilt/ns ll'u/fnn, Tracltip'nx'^ <<. Tin- Lun/ sandstones, wlin-h 

belong t*» this hori/oii, have yielded numeious land plants compiisiiig many spisiesof 
IHrmphiilfnin and (oinisof Kfjuisrftfr.H, Vuhtmdi'-, X< ns, .Ihthvpti'rts, kf'. (!}) 1 be 
U-ds eomprising the zone ol Ji«n/a tnhs and Tutbo Wi/or/i/s show a letmn of the 
dolomitic condiUoii of l arliei paits ol the system Tin s*- (onditnms liad alieady net in 
during the deposition ol the lUibl beds, but they lea. In-d their lull duM lopiin nt <lui mg 
the uceiiiiuilation of the next gioup, wlnn masses ol dolomite ranging np to ncaily -lOOU 
feet in thickness wer(3 laid down. This gionp <d’ loiks, iln.ngh placed by Mojsisovies 
in the Caiiiitliuii stage, is by othei authoi-s (oiisidued to be Kiia-tic. In N<ulh Tviol 
it 1.S known a.s the Main Dolomite (Ilaujibloloiiut , in the Sal/kamincrgiit as the lower 
part of the Dachslein liiiwsbuie, which lorrns an impoitaiit tealuiv in the sccnen of the 
district. These locks everywhere prc.scnt a gicat contrast to the stiata below them m 
their |Kivei tv of organic remains. Soiim* of then most ‘proiniiienl fossils aie (.asts ot 
MegahAvH {M. (iumbdiy .M. unnphniulns, M. Mupeuri, kv.), uimI n-main.s *>f culcan-oiis 
algic {(i yrvpordhf). The bitummoua Seehehl bedsol the Xortli 'J'viol ha\e yiebJi-d many 
fishes {Snnionutvs, Lrptiiulns. I’huhduphurns) and lemuins of plants. 

Until recently, according to Mojsi.sovics, the older of siipei position of the rocks^n 
tlie Hallstadt area was mi.siiiterpreU-d. He now believes that the Hallstadt maible 
docs not form u continuous mass overlying tin- Zlamhach beds, but that the latter, 
instead of underlying tlie Hallstaflt rock, artually lie within it. He has gt(>ii|iud a 
section of the Hallstutlt scries as a separate stage uniler the name of “Juvavian. It 
consists at the ba.se of red ami variegated lentieiilai seams of limeslone with SaynixU^ 
Giehcli. Then follow red lenticular lime.sloiiej with gasten^jimla (zone of VlMindtct 


* On the Wengeu, St. Cassiaii, am! Raibl groups of the Seiser Alp, Tyrol, ace K. A. von 
Zittel, SUzh. Bayer. Akad. Munich, xxix. (1899), p, 341. On the Ifwsils of the Weugen and 
Caasian groups, see Mrs. Gordon, y. J. G. B. xlix. (1893), pp. 1-78 ; (Jeol. Mug. 1900, p. 337. 

* Frcih. V. Wohrraann, “Die Itaiblcr Schiebten,” Jaixrb. GeU. lUichaanMU 1893, p. 617. 
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ruher). 1 1 is here tiiat the ZUmbach beds come in with their Choristocercu Haueri. They 
are succeeded hy grey linieetono with PiTiacoeeras MtUemichi, and this by seams of 
limestone carrying Cyrtopleurite$ Uerenatm.^ This whole series, comprising several 
paltcontological /.ones, is regarded by Mojsisovics as the eqtnvalent in time of the Main 
Dolomite. 

5. Rh a* t ic Stage,--Two distinct facies of this stage are develojied in the eastern 
Al|>s, but the unity of the deposits over the whole region is shown by the presence of 
the characttiiistio AviciUa conlorta. The Kossen beds are a marly, highly fossiliferous 
group of strata, marking probably the shallower water, while the up})er Dachstein lime- 
stone into which they merge may indicate the opener sea. Suess has distinguished a 
series of “ facies” in thi.s groui», the lowest (Swabian) marked by the {weponderance of 
lamcllihranchs, the next (Carjaitliiari) by the abundance of Trrebmtula gregaria and 
riiriilula iiUimtriata ; the llanjjtlithodenilron-liinestone—a thick mass of coral lime- 
stone ; the Kossen facies im ltuling the dark bra( hio|)od limestones with shaly partings, 
and the Salzburg facies recoguisalile hy tlie ])rnininence of its eejihalojjods {Choristo- 
cerot AJgoirraii planurlmdcH). 

The Kossen beds are most fully dcvclo|)cd iti the northern Alj:»s, more particularly 
in Bavaria and North Tyrol, thinning out towards Salzkaimneigut. while the dolo- 
mitic facies of Ibw listeiu limestone piedominates in the southern Aljw, the fos-silifenais 
marly facies only appearing in the liomhaidy Al]w. The (wcurrenoe of the fos.silifcrous 
Rhietie beds in the Alps gave not only tlie first clue to the identity in time of tlie 
Triassic beds in Alpine ami extra- Alpine regions, but it has pmved of the greatest 
iniportaiico in tracing the zonal parallelism of the Triassic snccession within the Al]»8 
themselves. As has been said, a great thiekiiess of wholly untoKsiliferou.s dolomilic and 
gypsifertms rock sometimes occurs in the western Alps, ami it would be inijmssible to 
assign a Triassic age to any part of this series nere it not for the presence of ncll-known 
Rhietie- fossils in the hods immediately succeeding them. Again, tlie same fossils give 
nndonhted evideiiee of tlie gradual suhinensioii of tlie island of older erystalline and 
I’abeo/oie locks in the Triassic sea of the eastern Alps. Rhadic fossils are foiiml on the 
Radst.idli r Taner and on the Stubey Mmuitauis in the central ehaiu t»f the Alps. 

The intrusive volcanic rocks of the celcbratcil districts of Rredazzo and Monzoni in 
South 'fsiol are referred by some iwitliors to latwer, by others to Up|K’r Triassic time. 
At I’redaz/o there is a core of ortlnndase porphyry ami tourmaline granite with an 
envelope of syenite, hy nlilcli, among the. now familiar phenoniemi of con tact- ineta 
morphism, the Tria.ssie liiucstones have been in places converted into inarblc. Similar 
phenomena an- presented at Monzoni, where a ccntnil boss of aiigile-syenite, tiaver-Jt-d 
by veins of gahbro, melaphyie, Ac., cuts Hrros.s the Triassic strata {aHtr, p. 771). 

The Ti ia.s'.ic rocks of the Aljts have participated in the great (•arth-inoveiiients to 
which this chain of mountains <iwcs its .structure, and they coiise<iueiitly jneaent remark- 
able cases of ilislocation, inversion, and even ot melamorpbism. Thus the Tnn.s.sie 
formations of the Radstadter Taner in the Tyrol cannot be .sejuiiated liom the i-alc-niica 
schist of that di.striot, and rrofessor Snc.ss regards tliis schist .as an altoicd Triassic lime- 
sUiie.- 

Mediterranean Basin. — Coiitinuod study of the pelagic facies of tlie Trias as first 
encountered in the eastern Al^w has sliown that this type extends throughout the 
Mediterranean liasin, extending into Asia Minor ami swce[ting across central and 
soutln'in Asia even as far as .lapan and the I'^st Indian Areliipelago. On tlie borders 
of the Mediterranean enough has Iwen ascertained to show how widely the o^m-h Tiiassic 
sea sprW over that region. On the west side, Lower (Dinarian) and Uppr (Noric) 
Triassic cephalopoda have l>ecn obtained from tlie ilistrict of Barcelona.^ The Balearic 

' Moj.sUovic8, AUzb. Ak'utl. Wieu, 189*2, p. 769. 

Anzeiger Akad, Wkn, No. xxiv. 20th Nov. 1890. 

Mojsisovics, SUzb. Aktui, Wien, civ. pp. 1296, 1299. 
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bln have fnmulied fotsUa'lndfattliig th» prneiiM of Lownr Norir (Fauuiiin) •tnt*. 
In the north of lUly Triaaeic formations, sometimes in a much altered condition, have 
been detected in the Gottian and Apuan Alps. The famous statuary marbles of Carrara, 
as already mentioned (p. 804), are regarded as probably part of this metamorphosed 
seriea Right down the centre of the fieninsula Triasaic nicka appear here and there in 
the axes of the deeper folds into which the Jurassic, Cretaceous, and Tertiary rocks of the 
Apennine chain have been thmwn. Near the south end of the Peninsula they form 
lofty ranges of hills which, as at Monte Pajia, rise more than 0000 feet altovo the sea, 
and in that district they have supplied upjier Triassic (Longobardian) shells.^ They 
reappear in Sicily and again on the east side of the Adriatic, where they range through 
Dalmatia. In the island of Crete, phyllitic limestones, gypsum, dolomite, black slates, 
and quartzites containing recognisable fossils have lieen referred to the Upiior Trias, 
Rut they have undergone great metamorphism, the altered limestones hardly ditferiug 
from the most ancient varieties, while the ci|H)llinos have become coarsely crystalline.^ 
Lower Trias fossils have been obtained from many placo in Bosnia. The system rises 
once more on the farther side of the liungariaii plain, and stretches through the Csr- 
fsitbian chain by the Bukov ina into the Dohrudscha. 

The prolonged examination of the remarkably fossilifcriuis deposits of Himiustun has 
Hiipjdied some ga]).s that occur iii the European tlevelopinent of tlie Triassic system, and 
has let! the Austrian geologists to a revision and readjustment of the classitication and 
equivalents of the various formations, as shown in the accompanying table : •' ~ 

^ (it de I/)rcn/o, Affi, Actwl. vi. ser 2, No. l.'i (1894), p. 50; vit No. 8 

(1895). BaUla<’oi an<l Viola, /Mi. ('om. (ieoi. lUil. \\v. (1894), p. ,372. (J. di Stefano, xxvi. 
(1896), p. 4. 

^ L. Cayenx, Conipt. rend, 12th May 1902. 

•* 'riie Ixiwer Trios as Iktc given has lieeii coiiipile<l by Dr. W. Waagen and Dr. (*. 
Diener ; the Upper Trias by Dr. E. v. Moj.sisovics, tiUzJ). Acad. IPiVn, civ. (1895), p. 1279. 
See also Dr. MojsisovicB’ Memoir in l\dwontolagia /ndmt (alreaily cited), p. 155. 


2 D 


VOL. II 




.UKi»NK8. aiOJSISOVIf'S, Waaokk, and Dixkxii. 



liUY 


^ Alla. --The Triu has a wide extenaiou in this ooutinent From ths Mediterraneati 
basin it stretches throngh Asia Minor^ where at Balia Maaden in Myna dark shales and 
limestones enclose species of Arc^sta^ Nautilus^ and Ha/obta (Juvavian and probably 
Sevatian), while at Ismid on the sea of ^larniora liower Triassio (Dinarisn) fonns have 
been obtained by Dr. F. Toula. Traces of still older ]iarts of the system (Scythian) have 
been detected in the Araxes Pass near Djoulfa in Armenia. The Ea-stern raniir has 
yielded three species of Halorella and so/inaria, indicating the middle or np^n^r 

section of the Juvavian stage. But it is within the couhnes of India that the most com- 
plete representation of the pelagic Trias has been met with in this continent. I'he Salt 
Range of the Pujyab supplies a remarkably full display of the lowest or Scythian scries 
of the system, as may be seen from the foregoing table, no fewer than seven distinct 
paliCOQtological zones being said to 1 m» there trareabli*. Again, in the Himalayan 
region the lIpiKsr Trisssic groups are well developeil and contain a rich 
cepkalopodan fauna. The Carinthian stage, at Kimkin Paiar, Niti Pass, and Ralphn 
Glacier has yielded numerous genera and H{>eeiea of cephalopods indicative of the Julian 
group {A tiatomiti's, ArpacliUn, Clcuiiscitrs, ClydontiKtilus, EutonuKrraSt Oriesb<ichii(», 
Ilvuvganten, lKuiite.% JoviUs, Joannites, Juraritt^s, Mfgitphyllite$, Mo)svarite■»^ NaiUilu*^ 
OrthocertiJi, Paradadiscit^^, Phu'iUs, Plcuromtutilujit ProarcUea, I*nitrachifCrrns, Plychitra, 
Hagenitejt, StyriUs, TibflUea, Truchyceraa), 1’he Juvavian stage as disjJayed in tlie 
//ofonYcv-limestoiie affords the richest assemhlage of Upper Tnassic cephslopotia, of 
which 60 sjiecies have been obtained. They include the following additional genera ; 
ArcesUa, Atractitca, AiuitibetUfs, ItambanagiUs, ('Uonitea (6 species), DionUes^ fJUtviaritta, 
f^-uemhdites, llahrUrs (5 sp.), llehdUfa, ParajuraiHtra (13 s)).), ParatilxtUca (5 sp.), 
Pinacoerraa^ SatuiJ uujitfa, Sirenites, and StemmannUes (6 sp.). Above the JiaJoriUs- 
limestone come limestones and dolomites (100 to 120 metriis) with Spiriffrina ffrirsbafhi, 
but the upward succcKsion of cephalopods has not been traced further, though a 
fragment of a S<igenites has been obtained from the “Sagenites WJs” of Dr. Diencr.‘ 

In the terrestrial Gondwana system of peninsular India, the Triassic series is 
believed to be represented by the Panchet group already mentioned (p. 1079), which 
consists chiefly of tliiek beds of pale coarse fels^Mthic sandstones with bands of nnl clay 
and in the upper |)art occasional conglomerat<*H, the whole in the Damodar valley not 
exceeding 1800 feet in thickness. These strata have supplied a nuniW of land-plants 
(Schizoiuura, Ferti" biaria, PecopUrui, Thilinfddia, (Hcandrvii'm, (Haaanjd-eru, Satmr- 
apsis), but their most ini[>ortant palaeontological characteristic lies in their )>cing the 
chief repository of the animal remains of the Gomlwana system. They have yielded 
EUherin, a number of labyrinthoilonts {Goaioglyptus, Glyptognathua, Pachygonia), 
dicynodonts {V. orUrUalis, Ptychosiagum), and a deinosaur {KpimmpHlan).'^ 

In north-western Afghanistan the Perino-Uarboniferous gioup alluded to on p. 1079 
passes upward into sandstones, limestones, an<) shales, which are reganled as probably 
Upper Triassic. At their base the typical .shellh Ualabm LomiMli and Monvtis sfiliiuiria 
are found, indicating a marine horizon, but the great mass of sediments are charac- 
terised by a terrestrial flora and intercalated seams of coal, as in the Gondwana system.’ 

Far to the east, in the island of Roth, at the eastern end of the Indian Archipelago, 
Triassic strata have been found containing the characteristic shell Monoiis sa! inaria, 
with Hahbia (Daonella). Traces of the pelagic tyjM? of the system have been detected 
at wide intervals along the western border of the Pacific. In flve separate distiicls of 
Japan representatives of what may be the Auisian, N6ric, and Juvavian stages have 
been not^ {Ceratites, ArpadiUs, DanubUts, Japonites, Anolcitrs, Gymnites, Psewfomanotis 
ocholiea). Tlie uppermost members of the Jai>ancse Trias, {>aralieled with the Rha»tic 
series of Europe, consist of a thick series of shales and sandstones with scams of 
anthracite and a characteristic flora of ferns and cycads, which include IHciyophyllum 

* Mojsisovics, PalKoni, Indica, supra cU. p. 127. ® ‘ Manual of Geology of Indin,’ p. 170, 

* Griesbach, Records deol. 8urv. India, xix, (1886), p. 239. 
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aeuiilobum and Baiera patieiparUlff, also found in Europe.^ The Scythian and Diuariau 
stages are develoi)ed in the coast province of Eastern Siberia near Vladivostook, where 
Brahmanian and Anisian cephalojMxls imve been discovered. The Pseudomonotis 
ochotica has been found in the Oulf of Okhotsk, 

Arctic OccuL— The pelagic type of the Trias extends from the Pacific into the Arctic 
Ocean. It has been recognised among the New Siberian Islands off the mouth of tlie 
River Olenek, and still farther west in Spitzbergen. The Scythian stage with CeratiUs 
fubrobustits, and the Dinarian with Hungarites trifmnis^ have been found in the former 
district The Dinarian stage, with a Posirfonojwj/a-limestoiie l)elow and a haoudlaAime- 
atone above, occurs in Spit/bergon. It fills the geologist with astonishnjent to find in these 
northern regions a rich ccphalopod fauna embracing C^ratites (30 species), IHiuirites (8), 
Meckoaraa (6), Xenodiscus (4), Sihirites (3), VrosphiwjUes, Popanoemts {h or 6), Ptychiirs 
(6), Naiitilua (2), Pleuromutilus, Jlwuftritfia, Atradites ; also 8[)ecic8 of PHewiomonoiis 
(11), Diioiulla, Orijtuma, Aviculn, Petien^ Oervillia, Cnrdita, Limjitla, Spiriferina^ and 
IthyMhunellat together with remains of fish and reptiles (Acrodns spitzbergaisis, Ichthyo- 
saurus polnris^ Mixosaurus Nordetiskioldn).^ An up])er Triassic terrestrial flora is 
likewise preserved in the strata of Research Bay, Spitzbeigen. 

Austnilasla. ■— Returning now to the Pacific basin we may follow the Triassic develoj:- 
nient southward. In New Caledonia the defection of Phylfocrrns, Sfenarecstes, Pseudo- 
and other fossils indicates the jirobable existence there of the Juvavian stage.-* 
In New Zealand also the same stage is probably represented by the strata which have 
furnished specimens of Pseudommotis, Ifaiohia, Cfydonautilvs and Xuutdiis* In this 
colony Sir James Hector has grou|K5d under the name of Trias a great thickness of strata 
divisible into three series. (1) The Oreti scries— a thick Tua.ss of green and grey tuff-hke 
sandstones and breccias, with a remarkable conglomerate (60 to 400 feet thick) contain- 
ing boulders of crystalline rocks sometimes 5 feet in diameter, found both in the North 
and South Islands ; fossils, chiefly Permian and Triassic, )mt with a Pentacrinua like 
a Jurassic 8 |) 0 cies. (2) AlM)ve these beds lies the Wairoa scries, containing .Uouotis 

salinaria, Halolna Lommeli, Ac., and also plants, as Dammam/, (Jlmopteris, Zamitfs, 
Ac. (3) Tlio Otapiri .series, which, from the commingling of fossils nearly allied to 
Jurassic sjwcics with others which are Triassic and sonic even Permian, and from the 
presence of many forms identical with tho.so of tlio Rhu-tic formations of the Alps, is 
assigned to the Upper Trias or Rba?tic division.® 

The indications furnished by the rocks of New Zealand as to the southern limits of 
the open sea of Triassic time are supplemented and made clearer by the evidence afforded 
by the rocks t)f Australia. Thus in New Soutli Wale.s an unmistakably teire.strial 
condition of sedimentation is revealed by the Hawkesbury series— a .succession of 
yellowish-white sandstones and shales provisionally placed in this system. This series, 
which lies uiwn the Permian or Permo-Carboniferous Coal-ineasure.s, sometimes with 
no apparent break and sometimes with a decideil unconformability, has been sub 
divided into three gromas.* At the base lie (1) the Narrabeen beds, made up of sand- 
stones and shales which range from 350 to 1900 feet in thickness. Their most con- 
spicuous features are a band of purplish-red shale at the top,’ and the occurrence of 

' ‘ Outlines of the Geology of Ja{)an,' published by the Imp, Oeol. Surv. Tokyo. 1900, p. 48. 

- A. K NordouskioKl, Geol. Mag, 1876, p. 741 ; A. Bittner and A. Teller, Mem, Acad, 
at. J^fterstxntrg, vol. xxxiii. ; Mojsisovics, Vcrhandl. k. k. Geol. Reichsanst. 1886, No. 7. 

Mojsisovics, 0)inpt. t'emi. 18th Nov. 1895. 

* Mojsisovics, Verhamll. Geol. Reichsanst. 1886. 

® ‘ Handbook of New Zealand,’ p. 33, F. W. Hutton, J. G. S. (1886), p. 202. 

• C. S. Wilkinson, ‘ Notes on Geology of New South Wales,’ Sydney, 1882, p. 53. 
0. Psistmautel, Mem. Geol. Aun. X.S. Wales, Paleontology, No. 3 (1890) ; R. Etheridge 
jttu. qp. eU. No. 1 (1888) ; T. W. Ed^worth David, Anniversary Address, Roy. Soc. XS. 
WaUt, 1896, p. 50. 
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flakes and veins of metallic copper among the purplish, gritty, and ahaly strata, which 
have been de8cril)ed by Professor Edgeworth IHivid as tuff.^ In the centre come (2) 
the Hawkesbury sandstones, which form the picturetsjue cliffs around the coast of 
Port Jackson, and have ftirnished the stone for the princi}Ml public buildings in Sydney. 
They vary from about 250 feet thick in the Western division of the Blue Mounfoins to 
more than 1000 feet further east. They have yielded Ihinn/cldin^ (ileichenUny Phytlo- 
threu, Hquisetum, Ac. At Gosford, near the base of the group, in a thin seam of grey 
shale, a large collection of fossil fishes ha.s been obtained. The animals scorn to have 
lived in some lauddocked lake or catuaiy, ami to have Ik'cii killed in largo, numlieia by 
the sudden silting up of the water with coaise sand and gra\el. They belong to at least 
six genera, four of wliich occur in the Kuio)it‘an Triiis. Of these four, two {Ihdyopytjf 
and Snntonotus) are typically Triassic, while the thiid {fitionorliynehns) commonly 
ranges to the Lias, and the fourth {Phtditiuphitrus) is licst doveloiHjd in the Jurassic 
system. The fifth genus {Prist isomus) is new, but scau'cly higher in rank than AVmio- 
while the sixth {Cleithrulepis) has only Wn detinitely iec<»gni.Hed in the Stromberg 
beds of South Afiica, the .age of which may be Triassic or L(*\ver Jurassic.* The group 
has likewise yielded Mnsiotlomaurtis and a marine gasteroj»od {2'rnnanotus). The 
highest member (3), th»; Wiananiatta shales, consists of daik grey strata with clay* 
ironstone and thin .seams of coal. Among its fossils, winch are abundant in the lower 
jiart, dwarfftil forms of Unioiiidie are conspicuous ; Masifxftrttmunis has likewise been 
found, together with Pfihvomsi us and ('Idthrolrpis. The tolerably abundant plants are 
chiefly ferns {Thmujrhha, Macruta'niopterh). 

Africa. In South Africa the “ Kanm laids.’* which have already been referretl to as 
s]iioading over a wide area of country, in nearly boii/ontal sheets of incoherent sandy 
materials, and ftom whi< h so remarkable an assemblage of amphibian and reptilian 
remains has been obtainc<l, appear to represent the various foiniations which in other 
regions constitute the Permian and Tria.ssic hvstem.s. Their lower parta may l»c of 
Carhoniferous age, while their higher memlsTs may be Rhietic. We have eomsidered the 
lower and middle groujis of the three divisions into which they have been sejuvraU'd, and 
have seen the remarkable siinilaiity of their |Mil.contology to that of the laiwfer Uondwana 
fortn.itioiis of India. The third or uppei gionp, known as the Stonnberg be«ls, preaents 
a not lcs.> striking re.scmblance in its flora to that of the llawkosbiny series of New South 
Wales. Among the ajiccics common to Afri«’a and Australia are, SpiirnitptrriH donyotHy 
Thinnfddia odi/iitopta oidrs, T. trilohaia, 7'atuopfcrts Cornithci'si, T. DaiiUn^t. and 
Podozamitrs dui\qatus. The Stromberg Ijeds have likewise fninished Pairra Sdunckiy 
and sjiecie.s of Preoptens, vlld/njptfris, Ac. This assemblage of jilants does not include 
aiossoptfris, and indicates a later flora pro)>ably of Triassic age. The group may be 
jiarallclcd with the Panehet locks of India. It has also yielded /^iej/noffon and other 
reptilian remains. 

North America. — Rock.s which arc reg.mh d as equivalent to the Eurojieaii Trios 
cover a large area in Noith Ameriea. On the Atlantic coast, they arc found in I’rintse 
Edward's Island, New Brunswick, and Nova Scotia; in (fonnecticut, New York, Penn- 
sylvania, and North Carolina ; in Honduras and along the chain of the Andes into 
Brazil and the Argentine Kepiiblic. On the we.stern .side of the Rocky Mountains they 
reap]tpar in Idaho and stretch through California into British Columbia. They consist 
mainly of red .san<lstones, ^►assing sometimes into conglomcrate.s, and often including 
shales and impure limestones. But an important distinction may be drawn between 
tlieir develoiunent iu the eastern and central |iai ts of the continent, on the diie hand, 
and along the Pacific slo|ie on tlie other. In the latter region it is the [lelagic type of 
the system which is dcvclo|)ed, in the former it is the lagoon type. 

On the Pacific .sIojk* and eastwards into Idaho, strata which may represent the Trias 


• Rfp. Austral. Assoc. Sydney, i. (1887), p. 275. 

* A. S. Woodwanl, Mem. tied. Sure. X.S Walesy Ptdteontdoyyy No. 4 (1890), p, 64. 
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are eatimated to reach a thickness of sometimes as much as 14,000 or 15,000 feet The 
sta^ of the system as worked out in the Mediterranean basin liave been more or lees 
clearly identified among these strata by means of their fossils. What may be the 
Jakiitian stage is found in south-eastern Idaho among the so-called Meekoeeras'heda of 
Asfwn Mountain, which contain Mee:koeerajtgracilittUi$,<M. aplanatumt M. mv-shbackianum, 
and a species of Jrcestes. The same stage appears to occur in the Santa Ana Mountains, 
California, where a S))ecie8 of Pscitdomonotis like P. elarai of the Werfen group, a trachy- 
ostracan ammonite and what is probably a Pkjpiehonella have been found. In Shasta 
County, of the same State, a series of shales with Tracfiycerns 7 , Proarmtes, and Paeitdo- 
momtia may bo Dinarian. Fossils belonging to the Muschelkalk horizon have been 
obtained from the Star Peak Range in Nevada — Trackyceras, Aerochordiccraa^ Evtomo- 
cr^roM, Arcatea, Orthocema^ gonem common to the Trias of the Mediterranean province. 
The Noric and Carinthian stages of Plumas and Shasta Counties, California, are well 
represented by a large list of fossils, among which twenty or more species are believed to 
1)6 identical with or closely related to forms found in the Eastern Alps, such as species 
o( EiUanuicerns, JuvaviUa, Sayenitrs, TropiYcs (including T. snblnillahia md torquillaius), 
Ttachycema, TiroWea, Nhnnifrs, Ifulohia (//. Lommeli, auperba), ajid Mmxotia salimria. 
The uppermost mcml)cr of the Tiia.s of California, the Hosselkus limestone, abounds in 
cephalo[)otls. It.s uj)|)or j)art, contoiniug Jthabdoceraa, Tropitea, Parnlropiles and Haloritca, 
may po«.sibly belong to the Juvavian .stage.* The Noric stage has also been found in 
British Columbia. 

In the interior of the Continent, deposits marking inland seas cover vast ai'eas 
from Wyoming to New Mexico. They contain beds of gypsum and rock-salt, and 
have yielded a few lacustrine or brackish water shells. They ocicupy the position of 
the Trios, and are from fiOO to 2000 feet thick. It is on the Atlantic border, how- 
over, that the lagoon type of the Tria.s is best developed. The strata which represent 
the Tiiaasbv water-basins may be traced in separate areas from Nova Scotia to South 
Carolina. They have long been known and described in Connecticut, and in the wider 
tract froTii Now Jersey through Pennsylvania and Maryland into Virginia. The terni 
“ Newark scries ’’ has been applied to this group of strata, oonsi.sting chiefly of red sand- 
stones, iuterstratified with conglomerates, breccias, shales, occasional impure limestones 
and, in Connecticut, several intercalated sheets of igneous rocks. In the last-named 
state they have boon estimated to bo from 7000 to 10,000 feet thick. ^ 

The flora obtained from these strata presents a general resemblance to t)iat of the 
European Trias. In Connecticut and New .lerscy it includes hor.se-tails {Equiactitui, 
Schhoneura), cycads {Pterophyflnm, ‘some European species), ZaviUe^, OttnamUes, 
Sphniosnmilfs, Niimnia polymorpha, Diotmitea), ferns {Pccofttcris, Neuropteria, Tienio- 
})lrna, Clfi/hroptcna) and conifers {Cheirofepia}.^ In Virginia, where two distinct 

' F. H. Meek, C.S. U\ol. Kjrphr. Fortieth PaxrUlef, vol. iv. Parti.; A. Hyatt, Jiult. 
thvl. S,>r. Amer. iii. (1892) ; Gabb, Palamitolnyy of California^ vol. i. ; J. P. Whiteaves, 
ConfiuhHtitma to Canadian Pal^ontnlugyy i. Part ii. p.- 127 ; J. P. Smith, Joum. tieol. vol. ii. 
p. 602 ; iii. p. 374 ; iv. p. 385. 

* Professor Emerson, Man. U.S. G. A. xxix. (1898), pp. 351-517, W. M. Davis, 1th 
Ann. Rep. U.S. O. S. (1888), p. 455; 18th Ann. Rep. U.S. G. H. Part iL (1898), pp. 1- 
192. I. C. Russell. /;. U.S. G. S. No. 86, (1892). W. H. Hobbs, 21»< Ann. Rep. 
F.S. G. .S, 1901, Part iii. pp. 7-162. Numerous other non-official papers have been 
published on the “ Newark system.” The distribution of the )t)cks and the theories regard- 
ing their origin have been stated by Mr. Russell in the paper liere cited, which also gives an 
e.\haustive bibliography of the subject The most recent discussion will be found in Mr. 
HobRs* essay, which contains also a chapter on the tilting and dislocation of the Poineraug 
Valley, and another on the results of the denudation of the region. 

J. S. Newberry, Monograph U.S. Oeol. Surrey, vol. xiv. (1888), and Amer. Jowm. SeL 
xxxvi. (1888), p.'842. 
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Mmozoic Rons have beeu preserved, the older eppeara to be not more ancient than the 
Rhaetic stage. So abundant is the vegetable matter in the sandy strata of the series os 
to form seams of workable coal, one of which is sometimes 26 feet thick. The plants 
include species of JSquiKtum, Schizonmra, MacrolseniopUrU, Acro^ickiUSt CladophUhi», 
lK>nthopUriSi ClatknpUriSy Pteraphyllum, Cteni^hyllum, PoihzamiU*, Oycadiics^ Zamio- 
ttrobuK, Baiera, CheiroUpis, kc. Again in North Carolina a coal-bearing formation 
occurs with a similar flora, 41 ]>er cent of the plants being also found in Virginia.’ 

The fauna of the North American Triassic rocks is remarkable chiefly for the num- 
ber and variety of its vertebrates. The labyrinthodonts are represented by footprints, 
from which upwards of fifty species have been described. Saurian footprints have like- 
wise been recognised ; in a few cases their bones also liave been found. Some of the 
vertebrates had bird-like characteristics, among others that of three-toed hind feet, 
which produced impressions exactly like those of birds (pp. 1089, 1090). But, 
as already remarked, it is by no means certain that what have been described as 
“ ornithichnites ” wore not really made by deiuosaurs. The small insectivorous 
mara\ipial (Dramalht'rium) above referral to, fomid in the Trias of North Carolina, 
is the oldest American mammal yet known. 


Section 11. Jurassic. 

This great scries of fossiliferous rocks, first recognised by AVilliam 
Smith in the geological series in England, received originally the name 
of “Oolitic" from the frequent and characteristic oolitic structures of 
many of its limestones. lathological names being, however, objection 
able, the term “Jurassic," applied by the geologists of France and 
Switzerland to the great development of the rocks among the Jura 
Mountains, has now been universally adopted to embrace the whole 
series of formations from the top of the Rbietic strata up to the base of 
the Cretaceous system. 


§ 1. General Characters. 

Jiuassic rocks have been recognised over a large part of the world. 
But they do not present that general uniformity of lithological character 
so marked among the Palaeozoic systems, especially the older members of 
the series. The lithology indeed can be seen to become more diversified 
as we ascend in the geological record. The suite of formations now to 
be described changes as it passes from England across France, and is 
replaced by a distinctly different type in Northern Germany, and by 
another in the Alp. If we trace the system farther into the Old World 
we find it presenting still another aspect in north-westeni India, while in 
America the meagre representatives of the European development have 
again a facies of their own. Hence no generally applicable petrographical 
characters can be assigned to this part of the geological record. 

The flora of the Jurassic periwl, so far as known to us, was 

* W. M. Fontaine, Monogr. 17. S. iiurv. vol. vi. (1883). The younger Metiozoic 
flora of Virginia it probably Neoconiian {potita, p. 1210). See alto Mr. Letter Word'# 
Important memoir on the “ Status of the Mesozoic Flora* of the United SUtes," Part i., in 
20th Ann, Rep. U.S. O. & 1900. 
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essentially gymnospermous.^ The Pabeozoic forms of vegetation trace* 
able up to the close of the Permian system are here absent. Equisetums, 



Klg. 417. — .furtwMic Ppriis (L«)wer Oolite). 

o, SphenoptoriH ; h, Ta'nioptcria mi^or, Liiull. Am] Hiitt. (1); i*, Toditos WiniainHoin, Ilrongn. 
(nat. size and maK.); d, liOocoptoris polyi»o*lloidt*», IJroiiyn. (nat size and 


SO common in the Triiw, are still abundant, one of them {E. nrenacenm) 
attaining gigantic proportions. Fern.s like- 



wise continue plentiful, some of the chief 
genera being Cladophlebi% Comopkris^ IHctpo- 
phf/lhiWy Laceoptms^ Sntirnopteris, Sjdtnwjderis, 
Todiks, and TH’uvptem (Pigs. 417,418). The 
cycads (Fig. 4 1 9), however, arc the dominant 
forms, in species of Cteni% Dwonitea^ Nils- 
s(mu(, Otozamik’Sy Podozamitea^ Ptilozamites 
Willianmnvt, Szc. The family of Gink- 
goaceae, represented by the living Ginkgo 
or Maiden-hair tree of China and Japan, 
appeared in the Jurassic forests in species 
of Ginkgo, Bainv, and Beania. , From the 
upper jiart of the system in Portugal some 
plants have been obtjiined, which, if really 
primitive angiosperms, as has been supposed, 
are the earliest known forerunners of the 

' The entire known Jura-saic Hora of Britain up to 


Fig. 418.— Jurassic Fern— Twniopteris 
vittnta, Drungii. (j|). 


the top of the Portlnuclian stage was estimated in 
1882 to comprise between 60 and 70 genera and about 
200 species — a scanty fragment of the whole vegetation 


of the period. Etheridge, (,>. J. (». S. 1882, Presidential Address. 
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familiar plants of the present time.* Conifers are found in some numbers, 
particularly the genera Araxucank^^ EracJtypfiifUum, Ciyptonieritrs, Natjeopshf 
Piujuiphyllumy Pimis^ Taxifes, and this flora aj)p(mr8 to have flourished 
luxuriantly even iis far north as Spitzbergen, where the large number of 
cycads gives an almost tropical aspept to the .lurassic vegetJition of tliis 
Arctic islaml.*'* 

The Jurassic fauna ’ presents a far more varied aspect than that 
of any of the preceding systems. Owing to the intercalation of fresh- 
water, and sometimes even terrestrial, de|x»sits among the marine forma- 
tions, traces of the life of the lakes and .rivers, as well as of the land 
itself, have been to some extent entombed, besides the preponderant 
marine forms. The conditions of sedimentation have likewise been 



I'l^. (lyiwi'r OtiliU-d). 

a. U illiftjnsonia h, Uto/itiiitt) 8 aciuioiintUK, Liiull. un<l Untt. (i); 

>, WiUiiini>«nin.« I’liill. w/«» and nia^.) 


favourable for the preservation of a succession of varied phases of marine 
life. Professor Phillips directed attention to the remarkable ternary 
arrangement of the English Jurassic series.* Argillaceous sediments arc 
there succeeded by arenaceous, and these by calcareous, after which the 

* De Saporta, Campt, rend. i xi. p. 812. L. F. War«l, 16//i .-l/oi. Jiep. C.S. h'. S. p. 
520. 

- 0. Hecr, K. Sim.tk. Vet. Akud. Jlaitdl. \iv. No. .0, p. 1. The JurasHic flora is 
discussed by L. F, Ward in the memoir oted on p. 1111. See also Ids degcrlption of a new 
genus {Cj^ctuMla) and 20 new a|>ecies of Cycatleau trunks from the Jurassic rocks of Wyom- 
ing, Prf»r. Washington, Acad. iiri. i. (1900), pp. 258-300. A. C. Sewartl, “The Juraasic 
Flora, ’ forming part of the Catalogue of Me-.ozoie IMaiits published by the Trustees of the 
British Museum, Part i. 1900. Fontaine, Motuigr. VJ. C.S. (i. S. 18S3, 

^ The total Junussic fauna of Britain up to the top of the Portlandian stage was 
estimated in 1882 to include 450 genera and 4297 sftecies, which is likewise but a small 
proportion of the whole original fauna ; Etheridge, op. supra cU. 

* ‘Geology of Oxfordshire,’ ke. p. 393. 
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argillaceous once more recur. These changes are more or less local in 
their occurrence, but five repetitions of the succession are to be traced 
from the top of the Lias to the top of the Portlandian stage. Such an 
alternation of sediments joints to interrupted depression of the sea- 
bottom.^ It permitted the growth and preservation of dilferent kinds of 
marine organisms in succession over the same areas, — at one time sand- 
banks, followed by a growth of corals, with abundant sea-urchins and 
shells, and then by an inroad of fine mud, which destroyed the corals, 
but in which, as it sank to the bottom, the abundant cephalopoda and 
other mollusks of the time were admirably preserv'ed. 

Sponges abounded on some parts of the floor of the Jurassic seas. 
Lithistid genera form thick beds in the Upper Jurassic Spongitenkalk of 
Franconia and other parts of the European continent. Calcareous 
sponges are represented by numerous genera (Peronidelln, Coryuella, &c.). 
Professor Kothpletz has described horny sponges from the Upper Lias of 



FIr. 420 - .JumsuU* (\>ral« (Snrtdle Oolite), 

<», (saMtncH lu'liutith<ii<l**.'*, Ooldf. ; b, MuiitlivalUtt dii>|tai', Pliill. ; <, (Joinoscris irrailinnH, M. Kdw. 


Wiirtemberg, and more recently an example from the Dogger of the 
Bernese Oberland in which recognisable diatoms were enclosed.- 

A characteristic feature of the Jurassic fauna is the abundance of its 
beds or banks of coral. During the time of the Corallian formation, in 
particular, the greater part of Europe appears to have been submerged 
beneath a coral sea. Stretching through England from Dorsetshire to 
Yorkshire, these coral accumulations have been traced across the Con- 
tinent from Normandy to the Mediterranean, over the east of France, 
through the whole length of the Jura Mountains, and along the 
flank of the Swabian Alps. The corals belonged to the genera Jsastrxa, 
Asirmnia^ Thammistrm^ AtudHicuif ThecomUia^ MonflivaHiOt &c. (Fig. 
420). In the Jurassic seas generally Echinoderms were abundant, but 
the types of Palteozoic time had now entirely disappeared. The Crinoids 
were now represented by comparatively few forms, such as the genera 
Fentacrinns (Fig. 421), Millericrinm^ and Apiocrinus. Among these the 
multiplication of identical or nearly identical parts reaches a climax in 

* Ante, p. 649. 

^ Z. D. G. a. xlviiu (1896), p. 905 ; 1900, pp. 154, 388. 
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the PmUuwm fossilis, which is estimated to have possessed no fewer than 
600,000 distinct ossicles. There were likewise several forms of star-hshes, 
b!»t it is in the great profusion of echinoids that the echinodorms now 



FiK. 421. CnnoiilK. 

a, [sctcrinus IxugiltifDrmtH, (ioldf.^iildo view and end view of i^ari of stem) ; 
h, IVntnrriniis fonsilin, Biam. (-briarruH, Mill.Xi). 


begin to bo distinguished. Among these the genera Arrosalenia, Cidaris 
(Fig. 422), HemicidariSy Glyidicusiy Pmulmliadmay Jlmiprdmiy Nwleolih.^ 
{Echinohrisms)^ Cdyiwu,% Pygastery Pygurii.% and Collyrilejf were conspicuous. 
Polyzoa of creeping, foliiiceous, and dendroid tyjws abound on many 
horizons in the Jurassic system. They include the genera Stomatopordy 
Prdwsdmy Bermiceay Diastoporay LlmmeUy Spiropmay Aprnidomy Cfiriopara, 
Heteropora. They occur plentifully in the Pea- 
grit beds of the Inferior Oolite near Cheltenham^ 
and Forest Marble near Hath, and still more 
abundantly near Metz and near Caen.^ The 
brachiopods (Figs. 423, 424) continue to decrease 
in importance compared to the prominence they 
enjoyed in Palaeozoic time. So far as known, kik. 422.— Jiiraoiilc S(»-Urchin. 
they chiefly belong to the Terebratulidse, Rhyn- cidari# HoriKemma, ptmi. 
chonellidsB, and Thecidiidse, though the Lingulidie, d) coraiiian. 
Discinidse, and Craniidas still occur as they do in our present seas 
The last of the ancient group of the Spirifers were represented 

' F. D. Longe, Oeol. Mag. 1881, p. 23. British Museum “Catalogue of Juraaiic 
Bryoioa,” by . 1 . W. Gregory, 1826. 




1116 


STRATIGRAPHICAL GEOLOGY book vi paet ir 


by Spiri/erimi and Suessia^ which did not outlive the Jurassic period. 
The Athyrids also now die out with the genera Amphidim and 
Koninckella, Among the laraellibranchs (Figa 425-428) a number of 
still living families now began their existence, such as the Arcid®, 
Anomiidffi, Anatinid®, Thraciid®, Cyrenid®, Isocardiid®, Venerid®, 
TelJinidffi, Pholadid®, and Donacid®. Some of the more abundant 
Jurassic genera are Avhtla, P.wtdommwtis, Aucella, Posidonomya, Gervillia^ 



KIK. 423. -Oolitic Brachlopoilu. 

K, Rhynchonclla (Acanthothyris) Hpiitosa, Schloth. (i), Lower Oolite ; h, Terebratnla Phillipsii, 

Mor. (§), Lower Oolite ; e, Uhynclioiiella iiiiiruIs, Ru in., Mnltllo Oolite, 

Ostrea^ Onjphiva, Kxo(j{/m, Limn, Pecten, Pinna, Astarte, Cardinia, Lnrdiinn, 
Gresshja, Hippopmlinin, Modiola, Plmiromya, Vyprina, IsocAirdia, Pholadoiuya, 
G&nioniya, and Trujonia. Some of these genera, particularly the tribe of 
oysters, are specially characteristic : Gryjdim, for ex.imple, occurring in 
such numbers in some of the Lias limestones as to suggest for these 
strativ the name of “Gryphite Limestone,” and again in the so-called 
“Gryphito Grit ” of the Inferior Oolite. Ditt’erent species of Triyoma,^ 




Kifi. 424.— Lm.s BrachiopcMlK. 

o, Cailomella ^loorci, Dav. (nat. si/c ami enlarged); h, Spiriferiiia AValcottii, Sby. 


a genus now restricted to the Australian seas, are likewise distinctive 
of horizons in the middle and upper part of the system. Of the gastero- 
poda some families that can bo traced far Iwck into Palreozoic time 
and still survive at the present day reached their highest development 

* Thi* genns afl'ords au instructive example of tlie remarkable changes of form which 
some genera of shells have undergone. See Lycett’s monograph on Trigonia, Palxonto- 
graph, Soc. 
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ill Jurassic seas. Such were the Pleurotomariidie, Turbinida^ Keritop- 
sidiB and PyramidelHdae. The last of the pteropod-likc genus Covularia, 
which attained its culinination in the Silurian })eriod, now finally died 
out in the time of the Lias. The more abundant gasteropod genera 



Ft(i 425. ' Lui»«i<* LwiiHlIbnuirliH. 

it, CrypluiNi cymt’imii, Ijini. (J); b, I,ii»a Ki|{aiit4>a, Hh>. (J); (, GryphS'a irruaU. laitii. (inciina, 
Syb, 4), d, Uippopodium jioutleroHuiu, Sby. ({)’, ^ l’^>Hl^lono^nya Bronuii, OoMT iiat. kI?^); 
/, Nuenia Ilamnieii, Defr. « 

(Fig. 429) in the Jurassic system of Britain are Jclmmina, Alarin, 
Ainheiieya, Cnithium, Naika^ Nerina^, Plmrofomtiiki (nearly eighty species), 
Pseudonielania, Purpuroidea, Trochus^ Tvrh, and TurriteJla.^ 

^ W. H. Hudleston and E. Wilson, “Catalogue of Britiali Jurassic Gasteropoda, ” 189‘J. 




But the most important element in the molluscan fauna ^ un. 
doubtedly supplied by the cephalopoda The Ammonites, which reached, 
their climax in Triassic time, though still abundant in Jurassic waters 
were already on the wane. Of the nine families which have been 
observed in the Trias only one (that of the PhylJoceratidae) can be traced 
through the Jurassic and Cretaceous formations. Of the dibranchiate 



Fig. 426.— Low»*r Oolitic Ijiiiiellibranchti. 

(I, Trigiiniu naviH, l.aiii. (}); Modiula bowei byaiia, D’Orb. (i). 


types the Belemnoidea, which begin in the Trias, rapidly reach a remark- 
able abundance and variety in the Jurassic formations. But they 
decline in, the Cretaceous system, and are represented at the present day 
by only a single living genus (SpinUa). The Sepioidea make their first 
appearance in the Lias (Beloteuihis^ Ge^oteutkis, Teuthopsi<i\ and still survive 
in our modern cuttle-fishes. As has been apparent in the foregoing 



a 

Fig. 427.— MiiKUe Oolitic Lniiudlibruiicliii.^ 

(I, OntrcA (Alcctryuiiia) haMtellntA. Schlotlu (i) ; b, Tiigonia clavcIlaUi, Sby. (i). 


description of the Trias, and as will be still more noticeable in the follow- 
ing account of the Jurassic system, the cephalopoda possess a great 
importance to the geologist, for their limited vertical range makes them 
extremely valuable in marking successive life-zones.' The Jurassic forma- 
tions have been divided into a series of platforms, each characterised by 

* Students interested in the phylogeny of these orgaoiems will find a suggestive paper 
by A. Hyatt, “Evolutiou of the Faunas of the Lower Lias,” in the Proc. Boiton Boe. Nat, 
Hiat. xxW. (1888), p. 17. 
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boid^ predominant species or group of Ammonites. In the older part of 
the Jurassic system the genera Aridites, JEgocetm^ AmaUhms, Harpocmuif 
LyioceraSf OxifnoHceras, PhyUocmiSt and SUphioceim are characteristic (Figs. 
■441. 442, 443). Higher up, besides some of these genera, wo find 



FiK. 428 —Ul>|M*r Oolitic |jiiiicUllmuich'». 

«, Extijjym \irKuU, D’Orb.; I», Oatrca (hilioidra, 8b>. (i); «, Antarlc h»ltMc)lcn^H, Nl»y. (t) ; *1, 1‘riilO' 
oardia strl«tula, Sby. (i) ; r, 'riiitonia Hb\ (i) ; /, rrotocimlm Hby, (i). 

Cosmoc^rniiy Peixy)hitu'tfs, Car<lioar(i>i,‘ KtypleriUiiy and A s^ntloveim (Fig. 
44r)), and in the upper {mrts PfinsphnutrKj OlaAcphauu^, PeintcUa, and 
Opprlin. The Beleinnites (Fig. 430), like the Ammonites, though in a 
le8.s degree, serve to mark life- zones. 



Kin. 429.- .Iniiissir Oj«>.1i*io|mkIh 

(f,.Natica hulliaiia, I.yc. (Lower Oobtoj ; h, Nenta <o..tiilata, |)i-hli. (J.ijwhi Oolite, 
lint. Hize aiitl niatf.) ; c, Plcurotomana rctiruJutn, !4<)w. (Kimci nine clay, 4X 


No contrast can be more marked than between the crustacean fauna 
of the Jurassic and that of the Palaeozoic systems. The ancient trilobites 
and eurypterids are now replace<l by tribes of long- tailed lobskirs and 
prawns {Penteus^ Aegn^ Erymi^ Scapfieusj Eryrm, Magilat A'c.) while the 
earliest braebyurous forms ' {Prosopon) now make their appearance. 

' For an account of the JuraMic deenpod* of North (Jerniany nee (J- Krauw, Z. b. U. <i. 
1891, p. 171. 
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Those were accompanied by a few Isopods, some of which have been ex- 
cellently preserved in the finer-grained strata (Archxmiiscus^ Cyclospfisermna). 



Ki)». 430. -JurasHic Itelennuli'H 

II, HfU'iiiiutoH pttxillosUH, .Schloth. (Lias, *); h, I). IrreKuIariN, Srlilolh. (LkihuiuI Lower Ooliti*. 
uat. 8i/,o); r. H. liHHUitna, Hlaiuv. (.MiiMle Oolite). 


Here and there, particularly in the Jurassic series of England and 
Switzerland, thin bands occur containing the remains of terrestrial 
insects (Fig. 431). The neuropterous forms predominate, including 


u * 



Klfr 431.— IiiBecto, Ihirbeclc Bedi. 

/t, b, Wlnga of Neuropterous Inserts (OrMopUr&(<i) (list .size and inag.); r, Carabidium 
flongtUum (nat. size and mag. Brodie^ * Foss. Insects,' pi. ii. and v.) 


remains of dragon-fiies, mayflies, and white-ants. There are also orthop- 
terous genera, such as cockroaches, grasshoppers, earwigs, crickets, and 
walking-stick insects. The elytra of beetles, owing to their durability. 


Jm»A8&W SYSTEM 


«tot. u^l 


llSl 




1122 


STBATIQBAPJ^lOAL QSOLOOT |k)Oit Vi ill 


They belong to still familiar types (CurculionidsB, Chrysomelidaa, Bupre* 
stidee, Elateridae, Melolonthidse). The hemiptera are well represented 
even as low down as the Lias. The earliest flies (Diptera) are found in 
the same formation, and they occur in different platforms higher up in the 
system. The earliest ants (Hymenoptera) have likewise l^een furnished 
by the Lias and the fine-grained upper Jurassic limestones.^ 

In few departments of the animal kingdom was the advent of Mesozoic 
time more marked than among the fishes. The PaUeozoic types, with 
their hotcrocercal tails, had nearly died out. The sharks and rays were 
well represented by species of Acrodw and Hi/hodus, while the ganoids 
appeared in numerous, mostly homocercal genera, such as Lepidotus, 
Dapfdiu.% Tfiraf/onolepis, Mesodon, Microdon, Gyrodus, Eugnaihm, Catiirus, 
Euthynotus, and Pholidophonis. A few teleosteans occur (Ijepfohpis, 
Thrissops). 

But the most impressive feature in the life of the Jurassic period was 
the a])undance and variety of the reptilian forms. Mesozoic time, as 
already remarked, has been termed the “ Age of Reptiles,” and it was 
especially during the Jurassic period that reptilian ty])e8 reached their 
maximum development. The ancient order of labyrinthodoiits and the 
abundai'it anoniodonts of the Trhis disappeared, and their places were 
taken by other new orders which, after a wonderful profusion of types 
had been reached, died out in Mesozoic time. The earliest known 
Chelonia, which come from the Keuper of Wurtembnrg (Proffniiochelj/H), 
are s\iccccdcd in the upper Jurassic formations by other forms which 
closely resemble living types. Numerous frngments, which may be 
lacertdian, have been obtained from the Purbeck Beds. The bones of 
various crocodilian genera occur, such as TehosaunK, Prhtyo.'timra.'^^ Steneo- 
mMruSy Mipfritmuirus, and Gonvpholis. SffneoHintru.'i, foiind in the York- 
shire Lias and the Stonesfield Slat<', was a true carnivorous crocodile, 
measuring about 18 feet in length, which ventured perhaps more freely 
to sea than the gavial of the (langes or the crocotlile of the Nile. Of 
tin* longexiiuct reptili.in tyi)cs, one of the most remarkable was that of 
the cnaliosaur.s or se-Ji-lizards. One of these, the lclifhi/(i,-<iiunis (Fig. a), 
was a creature with a fish -like body, two })airs of strong swimmitig 
paddles, a vertical tail- fin, and a head joined to the body without 
any distinct neck, but furnished with two large eyes, having a ring 
of bony plates round the eye-bidl, and with teeth that had no distinct 
.sockets. Some of the skeletons of this creature exceed *24 feet in 
length. Contemporaneous with it was the Pfesiosannis (Fig. 432, b), 
distinguished by its long neck, the larger size of its paddles, the smaller 
size of its head, and the insertion of its teeth in special sockets, as 
in the higher saurians. These creatures seem to have haunted the 

shallow Liassic seas, and, varying in species with the successive ages, 
to have survived till towards the close of Mesozoic time.^ The genus 

’ \. (1. Uutler, Geol. Mivj. x. (1873) p. ; i. ser. (1^74) p. 446. Scudder. 71. U.S. 
G. .No. 71 (1891), p. 175, ami authoritU** thi'rv cited. 

- On tlie distribution of the Plesiosanis see si table l)j ti. K. Wlndbonie. t,>. J. G. S. 
(1881), p. 480. 
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PliasauruSi related to the last-named, was distinguishable from it by the 
shortness of its neck and the propor- 
tionately large size of its head. Another 
extraonlinary reptilian type was that 
of the pterodactyles or Hying reptiles 
(Ornitliosauria or Pterosauria), which 
were likewise peculiar to Mesozoic time. 

These huge, winged, bat-liko creiitnrcs 
had large heads, teeth (when present) 
in distinct sockets, eyes with lK)ny 
plates like the IchtlufOsaurKs, the fifth 
finger of each fore -foot prolonged to 
a great length, for the pnr|)ose of sup- 
j>orting a membrane for flight, and 
i)one8, like tho.se of binls, hollow and 
air-filled* 4.'f3-4fl7). The best- 

known genus, rtemlaf'tylns, had a 
short tail and jaws furnished from 
<‘nd to end with long teeth. Others were Diminphculou^ disiinguishcji 



I'lH. 434 - Jiirus'ic niiti I’tfroHHur. 

", Hiicklaiidi (M**yrr), tooth ({), h, M< >{nh»Haurim, n-Moralinii <il It. a<l, nlt»‘r Own (,V.) 

c, Hh.iiiii(h<>cf|ihnhis Um klaiifli (iioMf ). r*.hlon«i i«n, after (roitijiaif Ki.; 437): •>, D" 

(iiftt '«)/**)■. Oo (J). 

especially bv long anterior and short hinder teeth, and by the length ol 
its tail; Ilhamplwrhynrhm (Figs. 435-437), also possessing a long tail, 

• 

^ See Marsh on wings of Herodattyles, Aintr. Journ. .Srt. April 1882. 'fhe remarkaldt 
specimen of WiamphorhynchruH {R. Muwdtri) from the Bolcnliolen Slate, desctibe<J hy thi* 
author (Figs. 435-437), jKwsessed a long tail, the last sixteen short vertebra' of whi( li 
sup])orted a peculiar caudal membrane which, kept In an upright ptwitiou by flexible Kjdnes, 
must have been an efficient instrument for steering the flight of the creature. The thret 
figures which illustrate this structure were supplied by the late Professor Marsh. 



Fi}:. *•«. -.Im-ashle PtfoiMOU. 
SrH)»)i‘»t4iialhvw iTRSMHihtris, 

t.oMf. (Mi<hH.. Oolit.') 
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with a caudal membrane and having formidable jaws, wliich may have 
terminated in a horny beak; Satphogmthus, with a massive skull in 
which the teeth stretch along the whole length ; Ehamphocephalua and 
Donjguaihusi. These strange harpy -like creatures were able to fly, to 



shuftlo on land, or perch on rocks, perhaps even to dive in search of their prey. 
The long slender teeth which some of them possessed probably indicate 
that the creatures lived on fish. Lastly, the most colossal living beings 
of Mesozoic time, and, indeed, so far as we know, of any time, belonged 
to the ancient order of Deinosaurs, which then attiiined their maximum 
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development. In these animals, which appeared in the earliest Mesozoic 
ages, ordinary reptilian characters (as already remarked) were united to 
others, particularly in the hinder })art of the skeleton, like those of birds. 
It was during the Jurassic |>eriod that the Deinosaurs reachetl their 
culmination in size, variety, and abundance. The 
most important Kuropean Junissic genera are 
CompsogiuiOiuK, MrfjnbmurHS (Fig. 4.34), and 
saurna. In the little f omps:o(tnafhus, from the 
Solenhofen Limestoue, the bird-like athnities arc 
strikingly cxhihiU'd, as it |Kissessed a long neck, 

.small hoiul. and long hind limbs on which it must 
have hopped or walked. The of the 

Stonc.sfiehl Slate i.s estimated to have had a 
length of feet, and to have weiglied two or 
three toii.s. It frequented the shores of the l.agoons, 
walking probably on its nuvssive hind legs, and 
feeding on the mollusks. jishes, and perhaj)s the 
small mammals (»f the district. Still nnu’c giganti<- 
was the ( 't'ho<niiru<y which, according to I’hillips, jirob 
ably reached, when standing, a height of n'»t less 
than 10 feet and a length of .‘>0 feel. It seems tohave 
been a marsh loving or river-si<le animal, living on the 
ferns, cycad.s, and conifers among which it dwelt,* 

Hut these monsters of the Old Woihl were 
snr|)iissed in dimensions by some discovered in the 
Jurassic formations of Colorado. Of these, Humtt*- 
stiuni.< was distinguished by its relatively short 
body, long neck and tail, and remarkably small 
head. It.s l<;g.s and feet were inas.sive, with solid r,,.. m. .inrashw 
bones, and it made footprijits each measuring about Kh!iin|iiinrh.\iM iniiij.hyii»ru-, 
a square yard in area. Its length is estimaU'd '’'‘’l’* oMuhsomi (.dHf j. 
at 50 feet or more, and its weight, when :iliv«‘, 

at more than L*0 tons. In habit it w%as more or le.ss ampbibions, probably 
feeding on acpiatic plants or other snocnlent vegeUtion. The Hinall be;id 
and brain and slender neural cord indicate a stupid, .slow'-moving reptile.- 
.Sfe(jos(iurus had a remarkably small skull with one of llie sm-allesl brains 
in any known vertebrate, short nuissive jaws, very short, )M)werful fore- 
limbs, and comparatively long and .slender hiinh limbs. Hut its most 
singular character was the pos.ses.sion of inmuTons dermal spines, some 
of great size and po\ver, and many bony plates of various sizes and shape's, 
.some of them more than 3 feet in diameter. Thus armed as well as 
protected, it must have been one of tlie most uncouth monsters th.at 
haunted the waters of the time. Yet it was itself herhivoroui^, and 
appears to have been more or less aqnatie in habit. The most eolossal 

* R«.storations of some of atititiUi* tjpes oJ life were maile by .Mar'.b, Amrr, Jovm, 
Sci. 1. (1S95) p. 409 i»< 9.. and (•>./. Mf;/. {ls9rt), p. 1 vry. 

- Marsh, .1. rtf/. Jouni. .Sri. xwi. p.‘ SI. Marsh’s l.itest lists will be louiid in 

Afomtgrufth Xo. .\xvii. (1896) r,.S'. (J. S. 
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of all these forms, and, indeed, the most gigantic creature yet known, was 
that to which Marsh gave the name of Atkntomurus. It was built on so 
huge a scale that its femur alone is more than 8 feet high, the correspond- 
ing bone of the most gigantic elephant looking like that of a dwarf, when 
put l^eside this fossil. The whole length of the animal is supposed to have 
been not much short of 100 feet, with a height of 30 feet or more. In 
the same stratum with the bones of Atlantosaurus were found those of an 
allied gigantic animal, Apatosaurus^ which must have been at least 50 feet 
long. Diplodocus had such weak dentition as to show that the creature 
was herbivorous, probably living on succulent vegetation. Morosaurus 
was marked by the small size of its head for a body about 40 feet long. 
Besides these various herbivorous deinosaurs, there were likewise bipedal 
carnivorous types that preyed upon them. Among these the best known, 
( *eratosaurus, was distinguished by the comparatively large size of its skull, 
which was armed with a high trenchant horn and pow^erful cutting 



Fig. 4aT.— .lurassic Fterosaui. 

UhtiinpborhjnchUH phyllurus, Maosh (Munstori) (0. restorpil by Maisli. 


teeth. The animal was upwards of 20 feet long, and when standing on 
its massive hind feet must have been some 12 feet high. Contempor- 
aneous with these huge creatures, however, there existed in Jurassic 
time in North Americji diminutive forms having such strong avian 
atfinitics that their separate bones cannot bo distinguished from those 
of birds. Professor Marsh, who brought these interesting forms to 
light, regarded them as having Ijeen in some cases probably arboreal in 
habit, Avith possibly at first no more essential difference from the birds 
of their time than the absence of feathers.' Such Avere the genera to 
Avhicli he gave the names of HaU'pus and Naimmims, Baptanodon was 
a largo SAvimming reptile, most nearly related to IchthyosauniSy but without 
teeth.. Pantosaurus is believed to have been a true plesiosaur with teeth, 

^ For Marsh’.s dehcriptious of Jurassic Deiuosaurs aeo Amtr, Joitrn. xvl. (1878) p. 
411 ; wii. (1879) p. 86; xviii. (1880) ; xi.x. (1880) p. 253 ; xxi. (1881) p. 417 ; xxii. (1881) 
p. 340 ; .Nxiil. (1882) p. 81 ; xxvi. (1883) p. 81 ; xxvii. (1884) p. 161 ; xxxiv. (1887) p. 
413 ; wwii. (1889) pp. 323, 331 ; xxxix. (1890) p. 415 ; xlii. (1891) p. 179 ; xliv. (1892) 
p. 347. l/.S, (4, S, fto. xxvii. (1896) p. 481. 
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and to have been marine in its habits. There was likewise a small 
crocodile, Goniophdis (Diphsaurus). 

The oldest known bird, Arcluroptnyr (Fig. 43S), comes from the 
Solenhofen Limestone in the Upper Jurassic series — a rcH.*k which has 
been especially prolific in the fauna of the Jurassic period. This 
interesting organism, which was rather smaller than a crow', united some 
of the characters of reptiles with those of a true biixl. Thus it jHwsessed 
biconcave vertchrje, a well-ossified sternum, ami a long lizard-like Uil, 
each vertebra of which bore a pjiir of <|uill fcathei's. The three wing 
fingers were all free and each emlcd in a claw, and there appciir to 



have been tour toes to each hxit, ji-s in most of our common birds. The 
jaws carried true teeth, as the toothed birds found in the (TeUiceous 
rocks of Kansas.^ licmains of birds have likewise been oluained from 
the Upper Juras-sic rocks (Atlantosaunis-bed.s) of the Wyoming region in 
Western America. The l>est preserved of these, named by Marsh 
IjiopU’ryj\ was believed by him to have possessed teeth and biconcave 
vertebra*. - 

The most highly organised animals of which the remains have been 
discovered in the Jurassic system are small forms with monotreme and 
marsupial afiinities. Two horizons in England have furnishefl. these 
interesting relics — the. Stonesfield Slate and the Purbeck beds. The 

* S«e Marsh. A)ner. Jinini. Siu. Nov. 1881, p. -VM ; Mat/. 1881, p. 48y ; (,'arl 
Vogt, Rev. Sri. Sept. 1879; Seeley, O'wi. May. 1881, pp. 300, 454 ; W. Darner, SUxb. 
Berlin Ahad. xxzviii. (1882) p. 817 ; 0>o/. May. 1882, p. 566 ; 1884, p. 418. 

* Amer. Joum. Sci. xxL (1881) p. 341 ; also xxil. p, 337. 
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Stoiiesfield Slate has yielded the remains of five genera — AmphiiyluSf 
AmphUestes, and Pluiscolotherium (Fig. 439), probably insectivorous, the 
latter resembling the living American opossums ; Amphitherivuif re- 
sembling most closely the Australian Mi/rmecohius ; and Stereognathns, of 
which the affinities are uncertain. Higher up in the English Jurassic 
series another interesting group of mammalian remains has been obtained 
from the Purbeck beds, whence upwards of twenty species have been 
exhumed belonging to eleven genera {tipalawtherium (Peralestes\ 
Ainblotlieriiwif Achyrodon^ Kurtodon, PernmvR, Sti/lodon^ Bolotioi)^ Triconodon 

i ^ 

a " 

Fig. 43rt. Marsii|nnl frcim tlift Sl.it**. 

Fhaacolotliiriiuii Hiu'kittiiili, Bnxlirip : n, ti'Hli, luagnillHl ; .jaw. nat. 8l/t*. 

(Triacantliodon), Fig. 440), of which some a])pear to have been insecti- 
vorous, with their closest living representatives among the Australian 
plialangers and American opossums, while one, Plngmdaf, resembling 
the Australian kangaroo-rats {Jft/itd/mjmhu.-i), was held by Owen to have 
been a carnivorous form.' A still more varic'd and abundant assemblage 
of mammalian remains has been exhumed from the Jurassic rocks of the 
western regions of the United StjUes (p. 1159). 

(iKOGRArmCAL Distribution.- The Juras.sic system covers a vast 
area in Europe. Heginning.at the west, remnants of it occur in the far 


h 



Fig. 440 — Mammals from the Fuiheck lirtis. 

(I. rrnlothei laii .law of Plngiaiilax minor, Falconer (jf) ; h, lame (nat. si/e) ; molar (f); 
fl, Mni-huinal .law ol Tricfin«>«lon monla\ (Tiiacaiithoilon scrinla), Owen (nat. M7 c). 

north of Scotland. It ranges across England as a broad band from the 
coasts of Vork.shire to those of Dorset. Crossing the Channel, it encircles 
Avith a great ring the Cretaceous anti Tertiary basin of the north of 
France, whence it ranges on the one side southwards doAvn the valleys of 
the Saone and Ilhone, ami on the other round the old crystalline nucleus 
of Auvergne to the Mediforranean. Eastwards, it sweeps through the 

* See Falconer, J. o'. H. .\iii. 261 ; xviii. 348 ; Owen, “ Monograpli of Mesozoic 
Hainmale,” Palieontograph <S#»c. 1871 ; ‘Extinct Mammals of An.stralio.’ 1H77 ; Marsh iu 
the popers cited {pfistea, p. ll.'>9\ 
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Jura Mountains (whence its name is taken) up to the high grounds of 
Bohemia. It forms part of the outer ridges of the Alps on both sides, 
rises along the centre of the Apennines, and appears here and there over 
the Spanish peninsula. Covered by more recent formations, it underlies 
the great plain of northern (tcrmafiy, whence it ranges eastwards and 
occupies large tracts in central and eastern Kussia. Neiimayr, following 
up the early generalisation of L. von Huch, maintained that three distinct 
geographical regions of deposit, marking tliversities of climate, can be 
made out among the Jurassic rocks of Europe.’ (1) The Mediterranean 
province, embracing the Pyrenees, Alps, and C'art)atliians, with all the 
tracts lying to the south. One of the hioh»gical characters of this area 
was the greiit abundance of Ammonites lielonging to the gronps of fletcro* 
phylli {Plnfllotyidji) and Fitnhriati {Ltjtoceraa), and the pres(‘ncc of forms 
of Terehratuhi of the family of T. tfipliya {janttoi). (2) The centnd European 
province, comprising the tracts to the north of the Alpine ritlge, includ- 
ing France, England, Cennany, and the Baltic countries, and marked liy 
the comparative rarity of the AmmoniU‘s jinst mentionetl, which are 
replaced by others of the genera Aspiilutyrus and and by 

aluindant reefs and masses of coral. (3) J’hc boreal or Itussian provinci*, 
comprising the middle and nurth of Itussia, Petsclioia, Sjiit/bergen, and 
(Ireenland. The life in this ar(‘a was less varied than in the cithers; in 
])articular, the widedy distributed specie.? of (fppAui and Aspulomas of 
the, middle- European province are absent, as well as larg(‘ masses of 
corals, showing that in Jurassic times there was a jierceptible diininutiou 
of temperature towards the north. 

Ncumayr Mib«ef(uently extemled these three provinces into hoinoiozoic 
zone's or belts stn'lching round the globe, and showing the probable dis 
tribiitiori of climate and life during Jnra.ssic and early Cretaceous limes. 
(1) The Boreal Zone descemls as fur as lat 46 in North Amcriea, \vhcnce 
it bends north east ward.s, coming as high as lat 6.'F in Seanelinavia ; but 
then taking a remarkable bend towards the south east across Russia, the 
Kirghiz Stcppe.s and Turkestan into Tiliet, alKUit hit. 20 N. and long. 

K I’his curious jirojection is explained by the fact that the fauna of 
the Jurassic rocks of Tibet, Ka.shinir and Nepal, though peculiar, has 
greater attinitie.s with that of the boreal than with that of more southern 
zones. The boreal zone is divisible, a.s far as yet known, into three 
provinces, the Arctic, Russian and Mirnalayan. (2) The N'oi^th 'remperate 
Zone reaches to alMiut lat. 33 in North America. In Europe, its limits 
arc more precisely defined. It extends from Lisbon acros.s the Spanish 
tableland to the west end of the Pyrenees, thence across the south of 

' Neumayr, “ ,Fiirn-Sni<lipn,” 1871, pp. 21*7, 451 : VnUttmlf. 

(itol. Retrh.Mimt. 1871, p. 165; 1872. p. ,54; JH73, p. “UInt clinialiwha Zf»noii 

wahreud der Jura- uiid Kreidezrit,” Ih’ttkM-h, Wtr/t. Alwf. xlvii. ft 883), p. 277. ‘Dit* 
geographisclie V^rbrtfituiig fli-r Jurafouualiuii,’ »fi. nf. 1. (1885;, j>. 57. In tlicsr nx-moirR 
the student will find much inten'Hting specnlatioii regarding zwUigical distribution, organic 
progre.ss, and vicissitudes of climate during the Jurassic and Neoconiian perioda. The laat 
memoir (ontains two 8nggest|ve maps of Jurassic ge<^aphy. Omsult also Suess’ “ .\ntlitz 
dea Erde, ” 
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France and along the north side of the Alps to the north end of the 
Carpathians, bending southward so as to keep to the north of the Black 
Sea and Caucasus, and then striking south-eastwards into the Himalaya 
chain, where it is nearly cut off by the extension of the Boreal Zone just 
mentioned. In this zone four provinces have been recognised — the middle 
European, ('aspian, Punjab, and Californian. (3) The Equatorial Zone 
extends southwards to the southern end of Peru, and does not include 
the extreme southern coasts of South Africa and Australia, which with 
the remaining part of South America, lie in the South Temperate Zone. 
In the Equatorial Zone, seven provinces are more or less clearly defined ; 
the Alpine, Me«literrarieari, Crim-Caucasian, Ethiopian, Columbian, Carib- 
bean (?), and Peruvian. The South Temperate Zone is allowed four 
provinces : the Chilian, New Zealand (?), Australian, and Cape. 

By carefully collecting and collating the evide?ice furnished by the 
discovery of .lurassic rocks in all parts of the world, Xeiimayr. believed 
himself warranted to give a sketch of the probable geographical distri- 
bution of sea atul land during the Jurassic period, and even to reduce the 
data to the form of maps. He thought there was sufficient proof of the 
exi.stence of three great oceans partly coincident with those still existing 
— the Arctic Ocean, the Pacific Ocean, and the Antarctic Ocean. A 
central Mediterranean stretched across the narrow part of the American 
Continent, and traversing what is now the North Atlantic, swept all over 
central and southern Europe, the present Mediterranean Sea, and the 
north of Africa. It joined the Arctic Ocean in the Kussian plain, sent 
various arms into Asia, and passing across central India stretched south- 
wards to the Antfirctic Ocean. A long and wide branch extended between 
Africji ami a supposed nia.s.s of land connecting southern Africa, Mada- 
gascar, and southern India. The chief terrestrial areas of the period, 
according to Xeumavr, were the African-Brazilian continent, extending 
across the aoutherti .Atlantic ; the Chinese- Australian continent, extending 
from the north of China over the south-ea.st of Asia to Tasmania and 
New Zealand ; the Xearctic continent, extending from south-ea.stern 
(ircenland and Iceland across the North Atlantic to the Gulf of Mexico ; 
the Scandinavian island, the European Archipelago, consisting of 
numerous insular tracts dotted over the Jurassic sea from Ireland on the 
west to southern Russia on the ea.st ; the Turanian isknd, lying to the 
east of the C^ispian ; and the Ural island, on the site of the Ural 
Mountains. But much of this geography rests on slender evidence. One 
of the most leniaikablo facts pointed out by Xeumayr is the extent of 
the overlap of upper Jurassic rocks upon lower members of the system. 
He showed that the Lias was not deposited over an enormous part of the 
earth’s surface, which nevertheless sank beneath the sea wherein later 
parts of the .lurassic series were laid down. 
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§ 2. Local Development. 


BritEiXL* — The stratigra[>hical succession of the .fura^sic rocks Mas first Morked 
out in England by William Smith, in whose hands it was made the foundation of strati- 
graphical geology. The term.H adopted by him for the sulslivisions he tracts! acro.s.s 
the country have passed into universal use, and, though some of tloMU are uncouth 
English provincial names, they are as familiar to the geologists of otlici countries as to 
those of England. 

The Jurassic formations stietch across England in a vaiying l»and from the month of 
the Tees to the coast of Dorsetshire. They consist t»f samls, samlsttuios, am! limestones 
interstratilietl with softer clays and shale.s. Hence they give ri.se to .a i huracterislic type 
of scenery,— the more duralde and more |toioiis beds standing out as long lidgcs, some- 
time.s even with huv clitf-., nhile the clay.s iinderlic the level space, s helMei'n, An.angwl 
in descending order, the following .siihdivisi«)ns of the English J massif system are 
generally recognised : — 


Formations (Ironiisoi 

or Men»*s. Stain's. 

Fiirlieckmii 

j P(irtl<iiniiiiu 

\ Kl.iiel uUl.lli 

. V "H j ‘ 

I < Kinidiaii 



Matlioiiiaii 
idivat or Bath 
Oolite group.) 

Fullomau 

BrijiK i.iu 
(Inferior Oolite) 


j rpjier Lias 
Mi.idle Lias 
I Lower Lias 



MiiMiiuiin 

Niib 111 Mill sUni-s 

tliiekiK'ssrs 


Feel. 

j I'pjMT fiesli water beds . j 


Miildle iiiHrme l*eds 

. 360 

1 I.ower fresh-wall r U‘ds . * 


/ Portland Stone 

70 

1 Portland SaiuB 

. 1 fiO 

Kimeildge ('lay ..... 

. 600 

Coral Rag, Coralline tiolite, and t'.d- .oeousGiil 

2.5t> 

(Kfor-l Clay and Kellawavs Rmk , 

600 

1 Cm nbi.ish. Tills fill nis a peisistent b.nnl at 


1 llie top of the lowei m variable 'maiine and 


, estuatlliel groUJ) . 

2.'i 

j F'lrest Murble and Bradlmd CLt\ 

. 16(1 

.Great or Bath Oolite, with Slonestndd Slate 

. 130 

Fulkr’s Eaith .... 

. 1 fiO 


j ( heUenhatn tn'ds tlm-K estiuutuc stru s ot Yotk- 

I s)ure, represHitllig t)ie wleile sueeessioii Up to 
I the base of the < ■uiii’>rasl») .... 270 

Lvortlmiiipton Samis Dugger ” ot \orkshne' . 10 

Mldfof't Sumls p,issage lulls- 

. . 70 to 200 

(U) lo 1 .'i 

... . isr> to tuio 


‘ Of Bntisli .Iums.sic locks tlie student will liml tlie fullest an omit in the (ieologiciil 
Survey Monograph on these rocks in England in live uduines, vi/.. V, Fox Stningways, 
* Yorksliire,' 1811*2, 2 vols. H. H. Woodward: ‘England and Wales, ^orkhliire e.\(e)ited,’ 
3 vols, l.siL‘{-ti5. Reference should .ahn Ik* made to j.revious descril»tioiis, e.specially to 
Phillips ‘ neology of Oxford and the Thanie.s Valley ’ . Tate and BLake's ‘Yorkshire Lias' 
{1876): Hudleston's “Yorkshire Oolites," in /.W. M(»f. 18.SO-H4, and /V-r. Aswe. 

vols. lii. to V. ; R. Ktheiidge, Presidential Addieiw, (/../. </. .v. 1882 ; VSoodwaid’b ‘Oe.ology 
of England and Wales’; S. S, Buckman, N. vB. '1S89) ; xlvi. (1890j ; xlix. (1893) ; 

li. (1895); liii. (1897); BiL (1901;. and to miinerons Stied Mfnunrs of the Geological 
Survey relating to the districts of the country where the .Ima.ssic roi ks are exposed ; 
such as “The Geology of Cheltenham” by E. Hull, and “The Geology of Rutland” by 
J. W. Judd. The foMils of the different formations have been copiously diwu-ssed in the 
Memoirs of the Palieoutograuhic.'il Society, a*» in Moms and Lyi ett’s ‘ Mollusea from 
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Although these ii&mes apjjear in tabular oi-der, as expressive of what is the predomi- 
nant or normal succession of strata, considerable difTerences occur u lien the rocks are 
traced across the country, especially in the Lower Oolites. Thus the Inferior Oolite 
consists of marine linn‘.stones and marls in Gloucestershire, but chiefly of ma.ssivc estuar- 
ine sandstones and shales in Yorkshire. These dilTcrences helj> to bring before us some 
of the geograjdiical features of the British area during the Jurassic period. 

I. The Lia.s,* consists of thive stage.s or groups, well marked by physical and jialfeou- 
tological characters.''* In the Lower member, numerous thin blue and brown limestone.s 
with partings of dark shale, clay, or marl, are surmounted byothersimilar argillaceous strata 
with occasional nodular limestone hands. The Middle Lias consists of argillaceous and 
ferruginous limestones (Marlsbmc) with underlying micaceous sands and clays. In 
some of the midland counties, but more ea|)ecially in Yorkshire, this subdivision is 
remarkable for containing a thick scries of beds of earthy carboueto of iron (Iionstone 
series), which has been extensively worked in the Cleveland distiic t. The Upjwr stage 
is oompf)sed of clays and shales with nodules of limestone, surmounted by sandy 
deposits which are {»crha{is best classed with the Inferior Oolite. In Yorkshire it 
consists of about 240 feet of grey and black shale, in the upper part of which lies a 
dark band full of pyritous “doggers" (ironstone concretions) and block.s of jet, which 
are extracted for the manufacture of ornaments. This jot appears to liave been 
originally water-logged fragments of coniferous woorl.^ 

These three stages are subdivided into the following zones according to di.stinctive 
species of Ammonites (Mgs. 441-443), though the /ones are not so definite in nature 
as in palii'on tological lists : ’*— 


the Great Oolite’; Davidson’s ‘Oolitic and Liaasic Hracliiopoda ’ ; Wriglit’s ‘Oolitic 
lilchinoitermata ’ and ‘ Lia.s Ammonites ’ ; Owen’s ‘ Mesozoic Rejitiles ’ ; * Mesozoic Mammals,' 
‘ WealdtMi and Purbeck Reptiles’ ; Hiidlestoii’s * Briti.sh Jura.s.sic Gasteropoda ’ ; Bnckman’s 
* Inferior Oolite Ammonites. ’ Much informatiou will likewise he obtained from the catalogues 
published. by the Trustees of the Museum, such as the ‘Catalogue of the Fossil Rcptilia and 
Amphibia’ by R. Lydekker, that of the Fossil Fisho.s, by A. Smifb Woodward, that of the 
Fossil Cephalopoda by A, H.-Foord and (!. Grick ; ‘The .)iira.s.sic Hryo/oa,’ by J. W. 
Gregory; “The Me.sozoic Plants —The Jurassic Flora," by A. (’. Seward. For the 
palieontological zones reference shonM In* made to tbe original memoirs by Opjiel (‘Die 
Jurafomiatiou Euglands, Frankreichs uiid DeutM'hland.s,’ 18.'»6-58) and Queiistedt (‘ Der Jura,’ 
1858). 

• This word, now so familiar in geological literature, was adopted by William Smith 
who found it given by the Somerset <|iiarrymeu to the ‘ ‘ layers " of argillaceous limestone 
forming a part of tlie series of rocks to which the term is now applied. 

^ The Idas of Yorkshire is fully rtcs«*ribtMi by Mr. 0. Fox-Strangways in tbe first 
volume of the monograph above cited : and that of tbe rest of England and Wales by Mr. 
H. R. Woodwanl in the third volume. 

•' Fo-x-Strangways, Mem. Ufol, .S'mw.v, “Scarborough and Whitby ’’ (1882), p. 21. 

* Wright on Liassic Ammonites, I*(dirouO»jiaph. S(h-. and Q. J. U. S, xvi. 374 ; C. H. 
Day, up. cU. xix. p. 278 ; Etheridge, op. cit. xxwiii. (Address). As the zone.s are not 
generally defined by lithological features they cannot lie satisfactorily mapped. On the 
maps of the Geological Survey the base of tlie Muldlc Lias is perha{>s not drawn unifonnly 
at one palteontological horizon ; tmt it geiieially correspoiuls with the ba-e of tbe Margaritatus 
zone (See Judd, ‘Geology of Rutland,' pp. 45, 8t>). Considerable differences of opinion 
have arisen as to the application of the modern generic nanie.s of the huge family oj 
Ammonites. The terms assigned in this and the .succeeding Parts of Book VI. are given on 
the authority of Mr. H. Woo<t8, Woodwanliaii Museum, Cambridge, who has been good 
enough to revise the lists. 
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17. 2!o»e of Lytocerjis jnreu^tf. 

16. .. Dftctylioceras comiuuuf. 

15. .. Harpoceras falciferuin, H. HtTpeutinus uiul 

Hildoceras bifroiis. 

Dact yhoceras aiinulatuiii. 

PaltopleuroceVus gpiiiatuiii. 

.. Aiiialtlieus inur^^nritat U" 

.. Liparoceras Honleyi. .ICgoferas capricorim. 

Deroceras Davoei. and L\toi-<?nis (inibnatum. 

.. Pbylloferas ibtx. 

i£gooeraH .laiiiesout 
Deroceras armatuni. 

Calocerah ranoo'^iatinn. 

Oxjuotiuefas oxyuotum. 

Arietitea obtiisUs, Ariftites (AstrJtK'eras) stel- 
lari'., and plan ico-'t at uiii. 

Aiit-tilt-'* Turiieri and Amiot'eraH ‘.finirustatuiu. 
Bucklaiidi. 

Sclilolheimia aiiKulata 
PMloceras plam*rln*. 
iThtiiiK (.•onfoinialily on the Wlute Lms and Anm/n t'oit(i>rta hnK (,p. I0i<4). 
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The organic remains of the Ihitiah Lias now ineUide abtmt d.'iO genera and more than 
si.x times that nmnbur of H)H^cies. The plants comprise* leaves and other reniaiiia of 
cveafis 'I'ljefulUt'ii. Cifcatfrouka, rhloumntts, ( coaifera (liroihfitlnjihim, 
ferns {Cldthi-oiih-ns, Lotfuttoykns, Miu’rotieni<if>trris), ami inaies’ tails 
{Kqiiisftiks), These fossils serve to milieale the general character of the lloia, which 
bcenis now to h!i\e been mainly eycadaceons and eoiiifeious, and to have jiresented a 
gieat I'ontrast to the lycopodiaceous vegetation of Pal.eoroic times. The oeeiiirenee of 
land-plants dispersedly throughout the English Lias shows also that the strata, though 
chielly marine, weic deiK)8ite<l within such shoit «listanco from shore, as to receive 
fiom time to time leaves, seeds, fruits, twigs, and steina fiom the land. Further 
evidence in the same direction is supplied by the numeious insect remains, which have 
bi'en oldaiiMMl piincijMilly from the I'buonln^ /one of the Lower Lias. Them* were, 
no doubt, blown olf the land and fell into shallow water, where they were preserved in 
the silt on the bfdtoin. The Ncuioptera ale nuiuerouH, and include eight or mote 
.sjR'cles of (hthopkIebi'U The eoleopteicms lot in'* compile.* a nuinbei of heibivorous 
and lignivoious beetles (Eltih r, JJapiysUlfH, Ac.;. Thcie were likewise representatives 
of the neuropteions [LilrUuln, lletcrophhh.'t , (lijdoHms Listhis) and nithojtteioua 
{^f^^SlJblatt^lUl, Blnttiun, oiders. These relies of insect lile nie so abumlant in hotih: of 
the calcareous bands that the hitter aie known a.s insect- beds ' With them aie 
associated remains of terrestrial plants. Mi.iids, and mollusks, sf)metimes marine, 
»oinetinie.s apparently hi aekish- water. 

The marine life of the jienoil has been ubuiiduntl) picsurved, so far at lea.st as 
regards the comj)aratively shallow and juxta littoral waters iii whi< h the LiaH.sic strata 
were aceumulateil.- Koramiiiifera abounded on some of the sea-bollomH, the genera 
CnMelfariu, MifryiniUiiut, Frundiculariu, Nmlvsttrui^ Polymoqthinu, and 

Vnyinuliiia being the more important. Coials, thougli on tlie wliole sc-aicc, abound 
on some horizons, A^rocunin, lUUradrmt, hfistrxu, Mmiilixmltin, Styhtsfrmt, and 
Thccosmilia being the genera that luesent the largest number of sjiwies. The crinoidK 
w'ere represented hy thick growths of /socri/iea ai\d PattacriHus. Tlieii> wve brittle- 
stars, star fishes, and sea-nrcliius {Ophiura, riui.mstrr, Luuiia, llnnijtnliim, Cidarit, 

^ Brodie, Proc. OnJ. fhr. 1846, p. 14 ; V- •'- 31 ; 'History of Fossil Insects, ’ 

1846. See Scudder, B. >’• 71 (1891;. pp. 98 236. for a list of all known 

Mesozoic iusei ts, ami referenee.s to the authorities for the deseriptioii of each species, 

2 See K. Tate. “Censu-s of Lias Mamie Invertebrati.” A/ny. \iii. j». 4. 
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Acrosalenia) ~ a\\ genorically distinct from those of the Palieozoic periods. The 



'* Fij?. 441.— Lower T.tas A.mmouites. 

»r, Caloc'eras rarlcostatum, Zeit. (J); h, Arietitoa obtusiw, Sby. (i); c, Arietites Bucklandi, Sby. 
(t); Oxynotlcerna oxynottnn, QiH'iint. (ij); r, Pslloceraa planorbe, Sby. ; /, Schlotheimia 
anKulabi, Schloth. (\). 

annelids were represented by S^rpuht (about a dozen s|>ecie8) and Ditrupa. Among 
the macrourous Crustacea, the more fre<|uent genera are Eryon, Glyphmn. and Eryma, 
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the oitraooda being represented more particularly by spccii-s of KuiMiu, C\fthcre, and 
Ojthfnlla. 



44'J. - MKldii* kimI I iHx Auitnouiteii. • 

AnMllhfUt maryariUtiw, Mont, (I); h, t'nm *inimtHin, Hrn^ [\y, •, l»wo(«‘ni«* 

Davrei, .Sby, (J); d, .KROc^ras ca|iri(-oni«i, Krblotli. (|); f, ,K. Jarnmoiii, Sby. (1),/, naty 
l>learor<‘ras brc\ isj>imifn, Jiby. (I). 


Tlie hrac)tio]MHjs appear chietly in the genera likynchonclla, IVafdh^inua, Spiriferinu, 
Thecidiuin^ and Tfichruinla. Spirifrrina, the last of the Spiiifers, is rejnesented by 1 1 
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BjHjciw, out* or two of which jwceini to the top of the rp|>er Ivias. With it are 
awociated the iaot fornw of the Strophomenida*. of w hich Liajwic upecioa from English 
lucaiiticH ( F ig. J2l) have lieen referred to tlie genus Cado^mella (allied to Lfptmia). Other 
genera are th'tiuut, Dm-mn, JAmjula, A'onincMia, Sumia, and ZeUmiia. Of the lamel- 
libjanchsa few of the most characteristic geneta aie Prcten, Lmui, Avicnia, (iryphmo, 
Oert'i//tn, (Mreu, I’hmtula, MtHhoUi, Canlinui, Xuculana {f.etla), 2'rapfzhiui 
cnrdM), AUarte, rienruonja, JIipin^pfAium, and Tholadinnim. Gasterojxjds, though 
usually mu- n, such muddy stiata as the gieatcr i«irt of the Lias, occur abundantly in 
some of the calcareous /oii.-s. The chief genera aie Actnuninti, Amb^'rlct/a, bonrguctia 
Centhnnn, Unj^^tmnn, jKschclu, Planolotnnna (uj.waids o| 30 siM-cies'. Trochva (40 
Oi more s,|H.eies . 7'e//wi ^ipwai^s of 30 sja-cies), TvrrdAht, and UtMinm. 



h 





riji. ua I I'lM I i.i.is Aiiun(iiiitt'><. 

Dactylusvnte con.nnme. M,j (:>. I.x ti*-.>ra.s nin«nv', /..-o*!. ; . li.,,,Ks-,‘ras 

M'riHMitnuiiii, miiHH-kf* (1> . l»«t.-ioi>h\llinii. Sl.’v. (H) 


The cephalojKxls, liowevcr, are the ^no^t abundant and chaiaeteii^tic shells of the 
Lias; the families of Ammonites lieing par-ticuiaily coiispicuon>. Many of the 
English species are the same as those that have been found in the Jiua.vsic series of 
Germany, ami they occupy on the whole the same relative hon/ons, .so that over 
cfutral and western Europe it has been }K)ssible to group the Lias into the various 
tones given in the lorogoing table. The genera Auttitm, and Schlafhntnia 

are sinrially prominent in the I.ower Lias. The Middle division is more particularly 
chaiaoterised by s^x-cies AmalthcHS, though Hartmtras, Lytocera,, and other genera 
also ocTur. The Upper Lias is marked by the prominence of lfitrj>oceras, Hildocera* 
Lytoctras, Hntujia, Omminoctms, Dumortieria, Ac. Of the genus XavtUus about ten 
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species bsve been found. The dibrsncbUte cephslopods are represented by at least 60 
species of the genus BeUmniUa, and by XijtKoUuihit and O 0 )Uuthi*, 

From the English Lias numerous 8)iecie8 of fishes have been ohtaiited. Some of 
these are known only by their teeth, others by both teeth and spines, while the 
ganoids frequently have the whole exoskeletoii preserved. The selachian genera moat 
commonly met with are Acrodus and HyUttius, The most frecpient ganoids are 
Dapeduut, rhuHdopJwru,^, Pachycormus, KuyiuUhwt, and Ptychofrpu, The teleosteans 
are represented by Lrptolrpui. But undoubtedly the most remarkable jwlnontological 
feature in this group of strata is the. number and variety of its reptilian remains. 
The pterosaurs arc represented by IHmorphodon and HcuphiHputtfnis, and the deinosaurs 
by Scelidosaunu. Of the ichthyosaurs the Lower Lias, esjariully in I>oraet, has 
furnished about ten distinct s(>ccies, and of the plesiosaurs at least a dozen speedea, 
liesides species of EretmoaaHrm and 7'lMittaahmurm, In some cases entire skeletons 
of these creatures have lM?en found with alm«»ht every bone in place, and more or less 
complete s|»ecinienH of tliem are to Ik* seen in many public museums. Time crocodiles 
have been met with in the U|»iht Lias {PfUupmurus, SU'iUuanuru»). 

The Lias extends continuously across England from the mouth of the Twi to the 
coast of Dorsetshire. It likewise cro.sseh into South Wales. Inter(‘sting {latches 
occur in Shro[isliiie and at Carlisle, far removtsl from the main mass of the formation. 
A considerable development of the Lias btretches across the island of Skye, aud akirU 
adjoining tracts of the west of Scotland, when* the shore-line of the pi*riod is partly 
traceable ; while small portions of the lower divi»ion of the formation are exposed 
on the foiushore of the east of Sutherland, near Dunrobiri. In the north of Ireland, 
also, the characlenstic shales apjiear in several jdaees fioiii under the Chalk escarpment. 
That the.se ]K)rtioii.s of the Jurassic scries, together with the Avuula anitorta-totm below 
and some of the Chalk above, once extended north -oast wards into the liosin of the 
Civile IS pioved by tlie discovery, made by the Geological Survey, of large masiea of 
los.silirerous strata which have fallen into an cxtensjve volcanic vent of Tertiary age in 
the Isle of Arran.* 

II. The Lowrn Ooi.itks- lie conformably uikui the top of the Lias, with which tln^' 
arc coniiectiKi by a general himilaiity of organic leniaius, and by al>out 45 s|»ccie8 which 
paas up into them tiom the Lias. In the south-west and centre of England they chiefly 
consist of shelly marine lime.stoiies, with clays and Haiidstone.s ; hut, traced northward! 
into Niirtliampton, Rutland, and Liiicolnshiie, th<*y contain not only marine I iinestODiS, 
but a bciies of strata indicative of (Ie]K»«it in tin* estuary of some river descending A*oiii 
the north, for, instead of the abumlaiit cephnlojKids of the truly marine and typical 
series, we meet with fresh water genera sucli as Cyraui and Unio, estuarine or marina 
forms such as Hslrta aud Modiohi, thin seams of lignite, thick and valuable deposits of 
ironstone, and remains of terrestrial ]»lants. These inilications of the proximity of land 
lieconifl wtill more marked in Yorkshire, where the strata (800 feet thick; consist chiefly 
of sandstones, shales with scams of ironstone ami coal, and occasional horizons containing 
marine shells. It is deserving of notice that iho Cornbiosh, at the top of the Lowet 
Oolite in the typical Wiltshire district, tliough rarely 20 feet thick, runs acrow tba 
country from Devoiisliire t<» Liucolnshiie and Yorkshire. Thus a distinctly defined 
series of beds of an estuarine chaiacter is in the north homotaxially representative 
of the marine formations of the south west. At the close of the Lower Oolitic period 
the estuary of the northern tract was submerged, and marine dc{) 08 its were laid down 
across England. * 

* Summary of Progress qf ifeol. Surr. for 1900; B. N. I’cach, W. Guiiu, and B. T, 

Newton, A'- Ivii. (1901;, p. 126. 

* For an excellent account ol these rocks in their typical development see vol. Iv. of the 
Geol. Survey Monograph by Mr. H. B. Woodward, and for the Yorkshire district, vol. I. by 
Mr. C. Fox-Strangways, 
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Thif Motion of the Jurueic lyitem is subdivided into the following groups of ttraU 
and paiftontological zones in descending order (Fig. 444) 


Corubnuh 


Forest Marble and 
Bradford clay 
(ireat Oolite and 
StonesKeld Ulute 
Fuller’s Earth 


Inferior Oolite 


Midford Saudu 
(passage - beils 
into the Lius 
below) 


Zone of Macroueph allies macrocepbalns, with Ostrea 
jUthdloidesy Tertbr<Uula inUrvudia^ WoLdheimia 
obomta, W. lagenalis. 

,, Oppeiia? discus, with Osirea HouxTbyi. 

,, Perisphinctes arbustigerus, with JklemniUa 
he$»inus and Terdnutula nuudllata. 

,, Macrocephalites subcontractus, with Bdemn. 
^ parallelus, Ostrea ocumiTuUa, and IKoId^mta 
curinata, 

,, Parkinsonia Parkinsoni, Stepheoceras hum* 
phrieaiauum, Ludwigia Murchisons, with 
Helewn. aalen-ns, Uryplma mhlohata, Terebratula 
gUthaia, T. fimbria, and Waldheitaui carinata. 

,, Lioceras opaliuuni, Lytoceras fiirense, with Rhyyi- 
chonelta ryuwepluifa and Terebratuli infra- 
oiditica. 



Fig. 444.— l/jwer Oolite Ammonites. 

a. Macroceplrnmes macroci'phalus, JSchloth. (J); b, rarkinsonia Parkinsoni, Sby. (J); c, Stepheooeraa 
humphrieslanuin, 8by. (*); »f, Ludwigia Murchisoiw, Sby. (0; r, Lioceras opallnutn, Rein (J); 
/, Lytoceras torulosuni, Ziet. ((). 


The English Lower Oolites show cou.Hiderable local variation in their subdivisons. 
They dre typically developed in the south-western counties, but the limestones and 
clays pass laterally into sands. The lowest group, that of the Mid ford Sands, 
sometimes placed with the Lias, consists of yellow micaceous sands, with some 
concretionary sandstone and sandy limestone, and ranges from 25 to 200 feet in 
thickness. A ferruginous limestone at its top in Gloucestershire contains so many 
Ammonites, Belemnites, and Nautili, that it has been called the ** Cephalopoda bed.'* 
Two Ammonite zones may be recognised in this group, viz.,:— 
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Zone of Liocerta opalinuiu. 

„ Lytoceraa jurenae. 

Among the other charaoteristic fosnih are (traiMnaUxicraa aalaw, Plf.iiroh/tocrras 
hireinum, iJuniortitria ratlians, Uaugia wri^bilU, B(kmniU$ eompressus, B. irregtilann^ 
Oftislya abducia, Trigonia Bamsayi, Gervillia ffatitmnni, Rhynchoneila ajnoc^phala. 
The Inferior Oolite (Bajocian)^ attains its niaximuiii development in the 
neighbourhood of Cheltenham, vrhere it has a thickness of 264 feet, and consists 
of calcareous freestone and ragstone or grit.^ It presents a tolerably copious 
suite of invertebrate remains, wliieh resemble generically thcNk^ of the Lias. The 
corals include 8]>ecioH of Jmstrma^ Montlimltia, and oflivr genera. The ciinoids are 
represented by Beniacn'tiu.i, JpiiXTinus, &c. ; the Mtar-llsliies by species of Jstrapeciin^ 
SoUulrr,a\id SUllasler* ; the sea-urchins by species of Aeroitalrnia, Cidaris, Clyp<Hs, 
NudeoliU^H {EchinoftriisH*)^ Ifemicidaris, llemijniiiua. Pseud udimlann ^ Pygaster, Storn- 
(fhitms, kv. The predominance of Myncko/ultn, IVtildlieiinui, and Trrebrutula over 
the rest of the bra(‘hio|)Otls becomes still more marked. Aren, Asbirk^ Avieula, 
GervUlia, Gryphtra, Lima (upwards of 40 B|K‘tie.s), ModtoJa, Plfuromya, Ostrta, PecUn 
(upwards of 40 species), Plioliulomya, Tancrcdia, and Trujonia (60 sjHJcies) are the 
most common genera of lamellibianohs. The gasteropoils ara abundant, especially in 
the genera Aciu'c/nitui, Alaria (more than 00 R|s‘cie8), Buurguetia, Ordhium (upwards 
of 40 8j>«eios), Xattea, Nfrinmu iniore than 40 sjs-cies), I*Uutro(oi)Utrui (l>etwei‘n 30 and 
40 spccieai, Psrudojneloiiui, Trochus, Turlm. The rephal(»|KxlH, as in the Lias, continue 
U) be abundant and to furnish a valuable basis for the stiatigraphical sulHlivisiou of the 
strata. Nearly 200 sjwiesof Ammonites have been obtained ftom this formation, ami 
from these it has lieen suMivided into the following {lalaumtolugical zones in descending 
order : 

Zone ot Parkinsonia Barkinsom, with OpfuJm subradUitUf Tereirafidu 
Jifii/iichuHeUa stddt't ridudeu, kc. 

Zone <»f Stc pheoceras huniphriesianiim, ('ultn'ents lilmjdcni, Perisphimirs 
Waldheimui rarinafo, Ac. 

Zone of Ludwigia M urehiaoiiie, with .sulezoue .Srn/y/^f in uj)pcr 

part, Lm'eras coiu'oium, Terdnahda T. T. fdtraUt, Ac 

The connKmeut strata of the group are Mihjcct to gieat variations in thickness and 
lithological character. The thick marine seiie.s of ChcltenhaTn is reduced, in a distance 
of 30 or 40 miles, to a thickness of a few feet. The limehtoncs pass into sandy strata, 
so that in parts of Northamfitonshire the w’hole of the formations between tin* Upfsir 
Lias Clay and the Great Oolite consist of sands with beds of iiunstoue, known as the 
Northampton Sand. The higher {Mirtions of t he sandy senes contain estuarine shells 
(Cyrem) and remains of terrestrial plants. In Voikshire the Great Oolite series 
disappears (unless its upjier part is represented there by the “Upj»er Estuarine scries”), 
while the Inferior Oolites swell out into a great thickness and aie composed of the 
following subdivisions in descending order : 


* So named by D’Orbigny in 1849 from Bayeux in t^alva<los. where the formation is well 
develoiKsd. 

^ This subdivision of the system has recently been treated in great detail by Mr. Buekroati 
in the series of papers in the J. S. G. cited on p. 1131. 

^ On the Ammonites of these zones, see 8. 8. Buekiiiati, J- G. S. (1881), ji. 588. 

■* Phillips’ ‘Geology of Yorkshire.’ Hudletton, *fe/d. Mag. (1880), j;. 246, (1882), 
p. 146; Pfoc. Gtfi. Assoc, iii. iv. v. C. Fox-Strangwajs, “Geology of Scarlx>roi.gh uitd 
Whitby,” Jfetn. Geot. Burv. (1882), and vols. i. awd li. of the ‘Tlie Jurassic Bocks of 
Britain.’ 
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Upper EKtuarine Rerie«, shales and sandstones resting on a thick sand- 
stone ( Moor Grit) more than 200 

Scarborough or Grey Limestone series, consisting of grey calcareous and 
siliceous hands with shaly partings (lichmn. gigantextR, Ccdoceras 

subcoronatum, lilagihni^ &c.) 3-100 

Middle Kstuariue senes, chieHy shales, with three or four lje«ls of sand- 
stone full of iduiit-retiiains. This is the chief coal-liearing zone of 
the Lower Oolites. A few tliin coal-seams occur, only two of which 
have been found worth working ; none of them exoetsl 18 inches 

^ ^ J nr 2 feet in thickness 50 -100 

I W j Miltepore Iwd, a ferruginous or i-alcareous grit passing into a sandy 

■ " limestone (Sonnim'a Stywerbgi) 10-40 

Lower Estuarine series, consisting of an upper gioup of false-bedded 
ferruginous sandstones with carbonaceous matter, separated by some 
ironstone bands from a lower group of carbonaceous shales and sand- 
stones with thin coal-seams 300 

Dogger -ferruginous sandstone and sandy ironstone passing down into 
the “ Jurensis-beds" (Midford Hands with Lytocerosjurcnse), (Jertmya 
t /sr/(Wan«, [.udingiu Alurchvtmuey Oramrndceras mleiise, fee. 

A tolerably abundant fossil flora has been obtained from these Yorksliire beds.' 
With the exception of a few littoral fiicoids, all the plants are of terrestrial forms. 
Among them are more than f»0 species of ferns (Cladophlpbis, Coaiopteris, SpJienopteris, 
iJictyophyllum, and Ttpuiopferis being characteristic). Next in abundance come the 
cycada, of which above 20 species are known {Otoziiinite^, WillUnns&iiiay N dssonia). 
The ginkgos are leprcaentcd by several 8|)ecie8 of Ginkgo, liainv, and Bfutiia. Coni- 
ferous remains are not infrei|uent in the form of stems or fragments of wood, as well as 
in occasional twigs with attached leaves {Arauenrites, Brachyphyllum, CheiroUpia, 
Pagiophytlum, CrypiomfrileH, I'axitea). 

The Fuller’s Earth or Fullonian group is an argillaceous deposit which was dis- 
tinguished under this name by William Smith, 1799. It extends from Dorsetshire to 
the neighbourhood of Hath and Cheltenham, and attains a maximum depth of nearly 
150 feet, but dies out in Oxfordshire, and is alxsent in the eastern and uoiih-eastern 
counties. Among its more abundant fossils are Periaph uicfrs arbuatigerus, MacrocepfuilUes 
aitbeontrcu'lua, G<miomya lUentta, Ostrea ncuniitvitn, HJiynclwnel/it ranuns, and IVahi- 
heiinia ornithoccphala ; but most of its fossils occur also in the Great and Inferior 
Oolite. The conditions for marine life over the nnuldy bottom on which this deposit 
was laid down would appear to have bem unfavourable. Thus few gasteropods are 
known from the Fuller's Earth, and most of the organic remains oeour in the liarder, 
moi-o calcareous batuls of “ stone” or “ruck." The jialirontological characters of this 
group are intermediate Iwtwoen those of the Bajociaii and Bathouian groups. The 
strata are comprised in the zones of Periaph. arbuatigertia and Macroreph. avheofUntetm. 
Beds of economic fuller’s earth are worked at Midford and Wellow' near Bath ; their 
detergent properties are due to physical characters rather than chemical composition. 

The Great Oolite (Bathonian*), between. Dorset and Somerset on the west and 
Oxfonlshire on the east, consists of live sub-groups of strata ; (») at the base, thiu-bedded 
limestones with sands, known as the Stonesheld Slate ; {b) shelly and yellow or cream- 
coloured, often oolitic limestones, with partings of marl or clay— the Great Oolite 
proper, comprising the famous freestone of Bath ; (c) pale earthy white limestones and 
fiilse-l^dcd oolites forming the upper “Ragstones” of Bath; (rf) an exceedingly 
variable series of shelly oolitic and flaggy limestones, with clays and shales l>elow and 
above. The underlying clays form the “ Bradford Clay ” ; the central calcareous zone is 

^ The best account of these plants will be found in Mr. Seward’s essay on the Jurassic 
flora of the Yorkshire coast, published in the Catalogue of Mesozoic Plants in the British 
Museum, 1900. 

From Bath, the typical district for the formation. 
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the so-called Forest Marble " ; I«) an uppermoet penisteiit band of tough Irregular layers 
of earthy shelly limestone known as “ Combrash.” These subdivisions, except the last- 
named, cease to be satisfactorily recognisable as they are followed towanls the east 
and north-east. The Forest Marble dwindles away in a north easterly direction, and has 
not been recognised in the east of Oxfordshire. It appears to l)e representt'd in Be»lford- 
shire. Northamptonshire, and Lincolnshire, by the “Great Oolite Clays” of that 
ilistrict The Cornbrash, liowever, is remarkably persistent, i-etaining on the whole its 
lithological and palieontological oharacter.H from the souUi-west of England to the 
district of the Humber. The limestones of the middle sub-group can be traced from 
Bradford-on-Avon to Lincolnshire. The lower sub-group, including the Stouestield 
Slate, is Iwally <leveloj>ed in parts of Gloucestershire and Oxfonlshiro, and |>asHes into 
the “ UpjMT Estuarine series” of the Midland couiitie.H.* 

The foiwils of tlic Bathonian grtiup, as develojied in England, show the wide range 
which might be ex|>etted from the variety of geographical conditions under which the 
strata were deposit'd. 'I'hose of the Stouestield Slate |K)i«.Hess a high geological interest. 
Anujug them are about a dozen sjxicics of ferns, the genera Cltidofihlebt^, Sphfrwptfrit, 
and I'leniophns h«ung still tlie prevalent forms. The cycjids are childly species of 
Wi/hfiniAonia and the conifers of JirachyphyUum. With Uiese drifted fragments of a 
terrestrial vegetation there occur remains of beetles (Jihpuidium, Huprestis, CnrculionitM). 
dragon-flies, and other insects winch had been blown or washed off the land. The 
waters were tenanted by a few biaehiojKKls (Jihynehtmella rvneintta and Terrfiralula), by 
lainellibr.niclis ^(frnuflta nrutn, /juvk (four .species), 3/odjo/« inihrimta, Pecien anvuUUus^ 
i\ h'tis, 1\ I'affUM, Tngonid onpresm), by gasteroiiods (AVi/n’rt, XeriUt, Pafrlla, Trwhu^^ 
k^\), by H few aiinnonites {Opjnllu disnta, Periaphinef^a gracilu) and bclemnites {B. 
((ripiiiil/am, Ji. Aesn/nw), and by ela.sniobranch and gano)d fishes, of which more tbsn 
40 species are know'ii {('fratmlva, (Innodua, Ifyhodm, iepuMus, MramUni, Strophnim^ 
Ac.). Tlie reptiles cotnpri>e repre.sentati\e.s of turtles, al8<» speeics of CiWolioaauruH, 
Stfucii'iiiii ni.s, T> frosi(uriia, MtytthmnniH, and ithainphmrplmhix. But the iiiost ini- 
pfirtant organic relic's from tins geological hoiizon arc the inar»upial-hke mammalia 
.ilri*ady relci red to- Autphitha'iitm, AmphAyhts, ^Vmscofof/irri ww/, and the 

more doubtful St> 

The famiu of the Great Oolite proper is distinguished, among other character- 
istics, by the iniinber and variety of its corals (including the genera hnalrma, Tham- 
ivtstru'o, l^h\j!ltMUfniii{Ailelasfrir(i\, ChorisnatrarJt, ('ryptmrnw, Cyatkophvra, ifontlivaltia, 
Ac.). The echinodertns, which rank next to the ammonites in stratigraphieui value, 
are well represented, .\mong the regular echinoids the most frwjuent forms are 
Ihnxxcidaris, Arro^uh nia, PanuiodimUina^ ami ('ularis. The irregular echinoids are 
represented by sjiecies of NuclndUfs, Cliji)nu\, Pygunis, Ac. ; the asteroids by Aatro- 
pectin and SofrtHhv ; the crinoids by PrfUacriaua, Apiocrinua (sp-cially charaoteristic of 
the Bradfonl Clay), and Mil/frierntua. Macroiirous Crustacea (AVyma, PJryon, OlypliacAt) 
are met with, ami likewise In Achyourons forms (Palmiuirhu^, I*ro$op(m). Ostfacods 
abound in the Fuller’s Earth, the genera Cylhrrt and Cylhrridfa (upwards of 40 sjiecies) 
1^'ing 8|iccially {notnim-nt. Tolyzoa arc abundant {Duialoporn, KrUaJ^tplumi, Idvmiea, 
Stomatoporii, The bracbio(>ods are re|)e8cnted by sfiecies of Terehraiula, 

Rhyrxehontlla, iValdhfimia, Ta-ehratella, iJranm, Ac. Of the whole British Jurassic 
lamcllibranehs, more tliaii half the genera, and about onc-flfth of the species, are found 
in the Great Oolite. Sj»ecially conspicuous are the genera PtcUn^ Lima, Otirea, Avicula, 
AstarU, Mitdida, Pkoladomya, Trigonia, Cardium, Area, Tancrtdia. The char^teristic 
gasteropods of the Great Oolite include Kaiim, Nerinaea, Nerita, Purpuroidca, Patella. 
Species of ammonite charactertstic of the Great Oolite are PeriaphincUs arbuaiigerua, 
Oppdia diacus (passes to Com brash), Periapkinclea gracUia, MacrocqdialiUa awbeoTUradua, 
and Oppdia Waterkouaei. Characteristic likewise are NaxUilaa Baberi, N. diaftartaua, 


* Judd, ‘Geology of Rutland.*' Mem.Oeol. Surv. 
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Belemnitfit aripiatilhm, and B. besnnug. Of the fiehea, the genera moat abundant in 
epeoies are Me^odm, Aderacanthus, Ifybodus, Strophodus, Ganodus, Jsehyodus, &c. The 
reptilian remains include the crocodiliane Teleomurus and Steneomurus, the pterosaur 
Jihamphocephalus, and the deinosaura Megalonaurus, Getiomurtu, and Cardiodon. 

The Forest Marble varies greatly in thickness and lithological character. Near 
Shcrbonie in Dorsetshire it is 130 feet thick, but it rapidly diminishes northwards, and 
in Oxfordshire is sometimes only 12 or 16 feet thick. It lies sometimes on the Great 
Oolite, soniotimes on the Fuller’s Earth. Its lower portion near Brad ford-on- A von is a 
grey marly clay with thin layers of tough limestone and calcareous sandstone about 10 
foot thick, and this argillaceous Ijand has l)cen separately designate*! the Bradford Clay. 
The Forest Marble contains a much diminished fauna. Among the forms characteristic 
of it arc ApifKrinits ParkhiSoni, Waldkeimia digona, Terebratula mawillatn, Rhyn- 
ehonc/la roncinna, Pecten annutatua, Ostrm Somrbyi, Lima cardiiformis. The Bradford 
Clay of Wiltshire has long been well known for its pear-cncrinites (Apiocrinva 
Parkimoni}t which are found at the bottom of the clay with, their base attached to the 
top of the Great Oolite limestone. 

The Cornbrash (an old agricultural term ailopted by W. Smith) consists of earthy 
limestones, whi<*h when freshly broken are blue an«l compact, but which under the 
inlluenc*' of the weather break u{» into rubbly material and make good corn-land. It 
varies from 10 to ‘if) feet in thickness, yet in spite of this insignificant development it 
is one of the most i^'raistent bands in the English Jurassic system. It is rich in 
cchinodcrms, lamcllilininchH, and gasteropoda. Among its common and characteristic 
species are Oppi'Ha 'f dimia, AUuirocephalUea viacrocrphalm, which ranges up into the 
Kollaways Kock and Oxford Clay, NucUolitrs clvniaihrts, Hohetypua depressus, 
Acrosalniia hr.micvlaroidrs, IValdheimUi lagnutlia, Oair^'d Jlabrfloides, Peden vagana, 
Plennmya srruriformia, Lima dupliratn^ Homomyn gibboan, Orcadya peregriva^ Pseudo- 
fiwnotis echnata.^ 

The Great Oolite series in the north-east of Scotland consists mainly of sand.Htoncs 
ami shales, with some coal-seams which were formerly woikial at Brora in Sutherland. 
In Skye and Raiway the formation consists of a very thick estuarine series, with abundant 
oysters, Trigonias, Anorniits, Oyrenas, Hy<lrobias, Cypridx, and remains of land-plants. 

The Minni.R or Oxford OourKs aro composed of two distinct group.s ; (1) the 
Oxfordian, and (2) the Corallian, each of which is further .subdivided into groups of 
strata and pale*ontological /oftes a.s iimler (Fig. 4 1,'») : ■ 


1 Upper. 

1 

Upper Ualcareous Grit, Upperl 
Uornl Uag and Ironstone . !- 

(.’oral Rag and Uorallinc Oolite . I 

Lower. 

Iiowcr l'alcare<*us Grit . . \ 

1 

V 

r 

(.May,s with sept.nria and 


stone nodules . . . I 


(’lays with pyritons 1o.shi1s j- 


(siib-zone of i^uendedfth'fnus | 

'1 

Liimfk’iti) . . . .1 

X 

Shales with pyntous fossil.s j 

O 

(sub-/,on»‘ of Amm, [(.Vwiio- 1 

cmf.vj ./«,«>./ ) . . .| 

Kellaways | 
Uixik. 1 

Alternations of clay.H and luuul.s^ 

with concretionary calcnrcous I 
samlstnne . . . . !• 

kellaways | 

( Clay containing selenite and I 

Clay. 1 

( jKior in fossils . . , j 


Zone of Peri.sphincte'* plicatili.s. 
Aspidocci ns pernrmatum. 

Canliocerns cordatum. 

(,'osinocera.s nruatum. 

Kepplerites callovienais. 


(1) Oxfordian, divisible into two sub-groups; (o) a lower division of calcareous 
abundantly fossiliferoms sandstone with some underlying clay, known, from a place in 


» Etheridge, d. O. S, (1882), Address, p. 202. 
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Wiltshire, sa the Kellswsys lieds, whence this subdi?Uion and its equivalents abroad 
have been distingniabed by the name of Callovian. The Kellaways Clay is generally 
present, varying from 10 to 20 feet in thickness, and though not especially fossiliferous, 
yields specimens of Oatrea, Waidhtimia, Hhy^ichantUa varians, and SfrptUa Mragona. 
The Kellaways Rock consists of hard, sandy, calcareous, highly fossiliferous mateiial. 
The Callovian sub-group forms really the basement of the Oxford Clay. Ranging from 
a few feet to more than 50 feet in thickness, it may be traced from Wiltshire through 
Bedfordshire to Lincolnshire, and it attains a conaiderable importance in Yorkshire. It 
contains about 200 species of fossils, of which one-third are found in lower parts of the 
Jurassic series, and nearly the same juoportion passes upward into higlier roues. 
Among its characteristic forms are Alaria trifida, Avicula ora/ts, Ctirditim oiffn/Uumt 
Isocanlia minima, Pholadomya aadicoata, Rhynchanelfh vanans, Oryphita hilobaUi, 
The distinctive ammonite of this stage is KepplerHes callovUnsis, ahich gives its 
name to a zone. Numerous other s{>ecies of ammonites occur, including Cosmoccran 
modiolare, 0. gou'erinnum, Perisphinctts Bakerin', Ctuioirras Koenigi, Macrocrphalitcs 
macrocephiilus, also Ancyloceras callovienae, XatUifm eailorinisia, and Behmixiita 
CHcent.^ 



a, A>.|)i(ioccnis pcruriiiatutn, ^ ; h, LainlxTli, Sliy. ; OoHiiim-i'i-HK 

ZH(. (J): W, Kfpplt*riteM cellnvu'iihiH, Shy. 


{h) The Oxford Clay— so called from theiiaiiM of the eounty through which it passes 
in its course from the coii.>t of Dorsetshire to tliat of York.shire - coiiHistH mainly of 
layers of stiifblue and brown clay, with bands of septaria and oociuuoniil layers of cartliy 
limestone, attaining a thickne.ss of from 300 to nearly HOO feet. From the nature of 
its material and the conditions in which it was dei»o.sited. this rotk is deficient in 
some forms of life which were no doubt abundant in neighbouring areas of clearer 
water. Thu.s there are no corals, liardly any species of echiiio«lernis, no poly/oa, and 
less than a dozen s]K*cic.s of brachiojiotls. »Some lamellibranchs aie abundant, par- 
ticularly Gryphwa dilatata and Ostrea (both forming sometimes wide oystcr-b^ds). The 
lower lialf of the (day, containing the zone of Cosinocerm omnium, has yielded small 
forms of Gryphica dilaiata, together with Cfrithivm mnrientam, Avicula tuH-qniiulvitt, 
Bekmniles (}weni, nnd a number of Ammonites - /iriacrirw averps, PdOKcroji nthleia, 
(Ekotmustes ereiuUus, Costnoccras lJuncani, C. Elizuyih», V. Jaaomx, Hectiroccra.^ hneti’ 
cum, Cardioccrai Lamiterti, (^tcnsledtoccras Maria-. The upper part of the dejiosit, 
including the zone of Cardiacerna cordatnm, contuius large forms of Gryphaca ditaUUa, 
with Throcia dcpreaaa, Serpula vcricbralia, Belcmnilea hatixUus (which is found all the 
way from Dorset to Yorkshire), and various sfieciee of Ammonites, Quenatedtoceras 
La.mherti, Aapidoceras prrnrmatuw, (Jardioeeras vertebraU, The Oxfordian fishes 
include the ganoid genera Aapidorkywhua, Eurycormua, ffypaoeormwt, Lepidotua, the 


^ A list of the remarkable assemblage of ammonites in the Kellaways Rock of Yorkshire 
will be found in Mr. Fox Strangways’ Memoir on the Jurassic rocks of that county, p. 277 
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MlaohUu Aderaeanihua, Hyhodui, Ndidanus, the chimteroid Bnuhymylui, Ikhyodm, 
»nd PackymyluB, and the teleoetean leptoUpis, while the reptiles embrace species of 
the pterosaur Khamphtyrhynchm, the deinoaaurs Camptoaaurus, Cetioaaunu, Cryptodraat, 
Mtgaloiaurua, (hnosaunu, OmithopsU, and Sarcolestes, the crocodiles Dacosaurus and 
SuehoduB, also a numlier of Hiiecies of Ichihyomutus, and of the plesiosaurian Renera 
OimolmauruB, PelmnutM, and PlioBaurua. 

(2) Coral liau, traceable with local modifications from the coast of Dorset to York- 
shire. This group atUins in Dorset a thickness of about 200 feet, but diminishes as it 
is followed into Oxfordshire. In Yorkshire it again swells out to a thickness of 330 feet. 
The name of the group is derived from the numerous corals which it contains. Acco>-d- 
ing to the exhaustive researches of Messrs. Blake and Hudleston,’ this group when 
ooinpleie consists of the following subtlivisions : - 

0. Supra-Corallian lieds—clays and grits, including the' 

Upper (Calcareous (Irit of Yorkshire, and the Sands- 
foot clays and grits of Wey month. 

5. Coral Rag, a rubbly limestone comjiosetl mainly of 
masses of coral (aub-zonc of Cularis florigemimt). 

4. Coralline Oolite, a massive limestone in Yorkshire, 
but dying out southwanla and reappearing in the 
form of marl and thin limestone. 

8. Middle (>alcareou8 Grit, proliably peculiar to Y orkshire. . 

2. Lower or Hambleton Oolite, not certainly recognised 
out of Yorkshire. 

1. Lower Calcareous (irit. 

The corals are found in their {lositioiis of growth, forming massive coral-banks in 
Yorkshire, Wiltshire, and other districts (Tluiimmutrmi , IsuBfr/m, Thcrosmilia, 
Rhabdophyllia, Monti irulfia, Ac., Fig. 420). Numerous sea-urehins o(*eur in many of 
the beds, ]iarticularly Cidaris floriyemina (Fig. 422), also Pygunis, Pygastei'. Ifnni- 
ddariB, Ac. Brachiopods are comparatively infrequent. The lamellihranclis are still 
largely representeil by sjiccies of Aricnhi^ Lima, Ostrea, IWfen, and flryphaa ((Mira 
gregaria being sjiccially numerous). Nearly all the species of gasteropod.s arc peculiar 
to or characteristic of the Corallian stage. The lower zone (that of AspidocrniH prrar- 
matum) is characterised by the occurrence of Pcrisphinetrs ronvolulm, tlpjyclia Hniriei, 
Oardioceras SHtherlantiin>, Pfrixphiiwtcs i vttrictnUtUuB, PAlocerat Williatnaoni : the 
upjier zone (that of Pf.risphincks plicaiiliB) contains some of the same 8pecie.s, but also 
PcrisphitU'tfB? Bfrnp ri, P. njm>doc«\ Ilnplites Calhto, Vardiocvras cawtonam, Jtrinrrkia 
dtcipiniB, Ji. iHutabiliB, 11. pseudomitfabUis. 

IV. The Ul'PKU or Porti.ani) OoLrrK,s bring lieforc us tlic records of the closing 
epochs of the long Jurassic jierioil iii England. They are divisible into three groups, 
with suboitliuate sections and ^lalieontological zones, as shown in the following table : — 


Zone of Perisphinctes giganteus. 
,, Olcostephanns gigas. 


3 *2 d 


J Clays, shales, and underlying 
a limestone (Marble Kag) ami 
f^wid-beil. 

^ Limestone.s including “ Upjier 
building - stones,*' and the 
!s Imiid with mammalian 
S retnalus. 

^ Marls and limestones with 
k insect-beds and the *‘Dirt- 
\ .3 bed ” of Portland. 

( Upper Freeatoues and Cherty 
beds. 

Lower samIs and clays. 


I Zone of Perisphinctes 
r plicatilis. 


\ Zone of Aspidoceras 
j perarmatuni. 


* “On the Corallian Rocks of England,” <1. J. Q. S. xxxlii. p. 260. 
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flipper bitnminoQs shales with Zone of Perisphinctes biplex, with Aspi* 

doceras lotigispiuum. 

», Oardiocera'i {AmtUkrertui) alter- 

tiaiiM. 

(1) Kimeridgiau, so named from tlic clay at the Imc of the Up^tor Oolitea, 
well developed at Kimeridge, on the coast of Dorsetshire, whence it is tzaceable l oii- 
tinuously, save where covered by the Chalk, into Yorkahirc. It consists of dark bluish 
grey shale or clay, which in Dorsetshire is in part bituminous and can be burnt. 
According to Mr. J. F. Blake it may be subdivided into tw<» sub-groups ‘ : 

(a) Upper Kimeridgiau, consisting of paper-shales, bituminnns shales, cement- 
stone, and clays, characterised by a comparative paucity of h])e(‘ie.s of fossils 
but an infinity of individuals ; perha]>s 60 O leet thick in iJorswtshire, but 
thinniug away or disappearing in the inland counties. This siib-stiige, fairly 
com])arable with the “ Virgiilian " ot foreign authors, contains the wme of 
Periyihi tiiicM hiplt.r, ami is marked also by the proniineiKT of IHscxhh 
laiimina, which forma a sub-zone in the upper part, while the lower portion 
of the deposit contains abundant Exoyyra rirgiila (Kig. 4*28k 
(ft) Lower Kimeridgian, blue or sandy clay with calc.areons “d<>ggcrs,” represent 
ing the Astartian sub-stage ” of foreign geologists. This is tlie great -re- 
pository of the fos.sils of this group. It has a maximum tliickness of 100 
feet, and embraces the zone of oU^'nutns, which in its ujiper 

part abounds in Rxogyra virtfitfa, while in its lower jiart (hltra ifcUouien is 
plentiful enough to form a sub-zone. 

Among the more common fossils of the Kimeridge Clay, hc.sidcs those above immed, 
are numerous foraminifera {Pulvulina pulclwl/o, liohulhut MilnHUri)^ also ^Srjpula 
tetrayona, JUjroffyra iwna, Adart*'. supracorallimt, Thrwui (Irprt'iHu, JU'ofvntriHa striotvia 
(Fig, 428). Upwards of 20 species of ammonite occur only in this stage ; among them 
are Car<tiocerm [Auvehoctnts) aKernana, Koyjfi, (tffoaUphainus ruvirlus, Pfinerkia 
evdoxaa, 11. pliramphalvjt, H, 7'hunminni, Aapuiocenta lonyiapmuvi^ A. urlhtctra, A. 
lallerinnum. Among tiu* belcmiiites me //. abhreviofita, Ji. Hhtnvi/lft, H. trcnUiiaia, 
B. nilidus. The Kimeridge Clay derives its chief palaeontological interest from the 
fact that it has supplied the largest number ot the Mcso/oic genera ami R|s-eieH of reptiles 
yet found in Britain. The huge dcinosauis are well represeiiLsI hy Jfotbrioaptmdijlita, 
Cctioaaurua, (Jiyantoaaunia, Comptosanra.a, Mryaloaaurna, Otiumuma : the pterosaurs 
by Pterodadylm ; tlic plesiosaurs by L’nmdhaaurw (several species), P>'lonfiides, 
ThaunMUtauurua^ and Plmaurna ; the ichthyosauis by Lhthijmaurna (five or more 
species) and Ophtfudmoiuiunia ; chelotiiaiis by Thalnaanitya and h'loh<if(x’hrlys ; and 
crocodiliaiiH by Gcoanurus, Mctrwrhynrhna, and Stouo.i/ivnt.'t. 

In the sea-eliffs of Speeton, Yorkshire, a thick group of clays occurs, the lowei )iart 
of which contains Kimeridgian fos.sils, while the higher portions arc unmisfAkahly 
Cretaceous (p. 1183). Traces of a representative of the Kimeridge Clay, and jmssibly 
of the Portlandian, alwve, are found even as far north as the ea-st coast of Cromarty 
and Sutherland, at Eathie and Helmsdale. 

(2) Portlandian, sft named from the Isle of Portland, wlicie it is typically 
developed. This group, resting directly on the Kimeridge Clay, consists of two 
divisions, the Portland Sand and Portlaml Stone. At Portland, aeeonling to .Mr. 
J. F. Blake, it presents the follow’ing succession of beds in descending order 

f Shell limestone (Roach), containing casta of Crrithiwn pitrllandmun {vety 

1 abundant), Imlonla (Snuxrhyn) JJuket., Xatica fifyana, and casts of Trigmiiu. 

“ Whit-be<r’— Oolitic Freestone, the well-known Portland stone (/'msy/ftiwe/es 

I yigantata). 

I “Curf,” another calcareous stone {(Mtta aoldaria). 


* J. F. Blake, “On the Kimeridge Clay of England,’’ V- J- x**l- 


layers of cement • stone and 
septaria. 

Lower clays and dark shales and 
cement-stones. 
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“Baw-bed,” a building atone like the Whit-bed, but aometlmea containing 
irregular baiids of Hint. 

binieHtone, “Trigonln bed” {Trigonia gihbom^ Fig. 428, Pema wylUouUs). 

Bed (8 feet) consiHtiug of solid flint in the upper and rnbbly limestone in the 
lower Hat, 

Band (6 feet) lontaiiiiiig numerous flints (Serpula gimlwlis, Oetrea multi- 
Jnnuia). 

Thiek Henes of layers of fliuts irregularly spaced {Perinphinctes bomniciim, 
Triffoiiid ijMu»t, T. inrurva). 

Shell-bed abounding in small oysters and serpulne {Periaphinctes tripliceUua, 
Pfeurutoituiria rugafut P, Rozeti, Pnjtocnrdia disitimilis. Fig. 428, 

[ Trigonta giblutaa, T. iwcurm, Pleurtmya tellaw), 

'Stiff blue marl without fossils (12 to 14 feet). 

_ Idver-colourtHl marl and sand with nodules and batids of cement stone — 26 feet 
I “Zr {Mytilujt nufiaauKlorennA, Pecten ao/uhu, Cyjniua impliceUa^ Perisphinctaa 
M J hiplejr.f Kd . ) 

"s o * Oyster-bed (7 feet) composed of Ejrogyrn hruntrutana. 
i5 § Yellow sandy beils— 10 Ccet {Oitprina implicfUn^ Jrm). 

* Sandy marl (at least 30 feet) passing down into Kimeridge Clay {Perisphinctea 
^ hiplt>.r. Limn Monimsi-t, Pecten MorinL Avicula (M'tnna, Ttigmia incurva, 

, T. mnrientii, T. Pelfati^ Rhynchonelfa juirtlandira, iJiscina kumphriesiana). 

Among Portlandian fossils a species of coral [hnutma oblongn) occurs ; echinoderms 
are scanie {Acroaalenia Konigi, &c.), there are also few brachiopods. The most abundant 
fossils are luniollibranchs, the best represenbid genera being Trigonia {T. gibbosn, T. 
inciirva, T. Pellati), Pleuromya tellinn, Pecten Innielloms, Ostrea solilaria^ Uyp'ina 
clnngatu, Liicina portlandica^ Protocardia diasimilia. The most frcijuent gasteropod 
is Cerithinm piyrtlnndieuni. The ammonites inelmle some additional forms to those 
mentioned in tin* foregoing tahle. Fish are reprisentt'd by Lepidotna, Ilybodiis, 
lachyodiLH, and I'gcnmina, and some of the older Jurassic reptilian genera {OrniOiopsis, 
(hmiopholis, I'c/ciiHn nena, rchtliyoinuru>a, Pinudnuunirua, P/vKsnurna) still apjiear. 

(3) Purbeekian.'— -This group, so named irom the Isle of Purbeck, where best 
developed, is usually eoniurted with the foregoing formations, as the highest /one of the 
Jurassic aeries of Kiigland. Hut it is I'eitainly sep.nate4l I'lom the rest of that series by 
many peculiarities, which show that it was aecumulntefl at a time when the physical 
geography and the animal and vegetable life of the regitm were undergoing a remarkable 
change. The Portland beds were upraised before the lowest Purhockian strata were 
deposited. Hence, a considerable stratigraphieal and ]»alicontological break is to be 
remarked at this lino. The sea-Hoor was eonverted i^rtly into land, partly into shallow 
estuaries. The characteristic marine fauna of the Jurassic sM’as nearly disappeared from 
the area. Fresh-water and brarkish-water forms ehami torise the gre,at series of strata 
which reaches up to the Neocoiniau stage, and might bo termed the Purheck-Weahlen 
Series. 

Some diHbreneo of opinion has arisen n.s to whether the group of Purheek strata 
should be place*! in the .hinwsic or Cretaceous system. The lithological evi*lence would 
rather link them with the former, while the predominant fresh-water nature of their 
fossils would suggest a connection with the overlying l^viatile Wealden series. 
Though the invertebrate and vertebrate remains show* relations to both systems, the 
balance of evidence apiwars to be in favour of Edward Forbes’s 'dew that on the whole 
the Purbcck beds are more naturally grouped with the Jurassic than with the Cretacous 
formations. The Wcaldeu series itself is by many i»liBontologista claimed as properly 
belongfhg to the former rather than the latter system. This subject is further discussed 
at p. 1184. 

* See more particularly the following Memoirs of the fieological Survey : K. Forbes, 
“Tertiary Fluvio-marine Formation of the Isle of Wight” ; H. W. Bristow, “The Isle of 
Wight,” new eiUtion by C. Reid and A. Strahau ; A. Strahan, “The Ctcology of the Isle of 
Purbeck and Weymouth.” 
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The Parbeokian group has been divided into three eub-groups. Of theee, the lowest 
(95 to 160 feet) coneiete of fresh-water limestones and clays, with layew of ancient soil 
(“dirt Iwds") containing 8tura|W of the trees which grew in them ; the mitidle com- 
prises 50 to 160 feet of strata with some marine fossils, while the highest (60 to 60 feet) 
shows a return of fresh-water conditions. Among the indieati<ius of the pvow nce of the 
sea is an oyster-bed {Ostt'ea distorto) 12 feet tliick, with JWtnt, Mod\oia, Ancula, 
Thracia, kc. Tlie fresh-water bands contain still living genera of lacustrine and 
fluviatile shells (.Viviparua, Melanopsis^ Tlanurhis^ Phim, Vat rata, Ihtio, Cyrcna)- 
Numerous fishes, chiefly ganoid, hut with some selachian and telenstean forms, hnuntinl 
these Purbeck w'aters (Caturus, Jiistionoius^ LfpuioUts, Leptotrpia, Macrounnius, Memioii, 
Microtiim, Plfuroptwlia, AatmuatUhna, HyhodnA Many insects, blown off from the 
adjacent land, sank and were entomlicd and preserved in the euleareous mini <jf the 
Lower and Middle sub-groups. These include coleopterous fmore than 80 genera), 
orthopterous, hemipterous, neuro]iterous, and dipterous forms (Fig. 181). lleinains of 
reptiles, including deinosaurs (Echinodon, IgnanodoiXt Nutiwtrs), crocixliles {Ooniopivolii, 
Nrtnnoaucktis, (hveninaxirhuSt Petroavehus, Thcrioa»ehvs), plesiosaurs {Cimolionaunia), 
and numerous chelonians {Cheloxie, UylmKhebja, pburostennm, Thalaaarmyat Treto- 
affmwn). The interesting dwarf crocodiles {Thrnosuchtts) are computeil to have l>ecn 
only 18 inche.H long. The most remarkable organisms of this group of strata, however, 
are the mammalian forms already noticed (p, 1127', which occur Rliiu»st wholly as lower 
jaw’s, in a stratum about 5 inches thick, lying near the base of the MhIjIIc rmhock 
sub-group, these being the portions of the skeleton that would be most likily first 
to drop out of floating and docomiswing earc.ivc». 

The zone of KelemnitfH lateralis in the .S|H*elou Tlay of the Vmk.'^hiie coast and 
the Spil.sby Sandstone of Lincolnshire, aic considered by l’tolesv>r A. F.ivlow and Mi. 
ti. W. I/amplugh to represent in part the I’lirbeek ami l‘oitl.ind beds of the .soutbetn 
districts.' 

France and the Jura - The Juras.sie aystem is here .synimetiicully develu|s«d in 
the form of two great connected rings. The sunthei u nng enclo.v*s the crystalline axis 
of the centre and soulli ; the northern and larger ling eneirc-h‘H the ( ’r«*tHceoii.s and 
Tertiary l)a.sin ami opens towards the Channel. wh'*t«' sepaiated ends point across to 
the eoiitinnation of the same rocks in England. Ihit the strmtnreol the twodisiriclfi is 
exactly opjsi.site, for in the southern aiea the oldest rocks lie in the centre and the 
Juiassic strata dip outwards, while in the northern regi«in the youngest f«)nnations lie 
in the centre and the Jurassic IkmIs dip inward below them. Where the two rings 
unite in the middle of Fram e they send a tongue down to the Bay of Biscay. On the 
eastern side of the country the JurasMc .system is ropiously developed, ami extends 
thence eastwanhs through the Jura Mountains into (ieiuiHiiy. 

The .subdivisions of tbe Jurassic, system in the iioilh ami uoiih-W’est of France 
belonging to what has l>een termed the Anglo I'aiisian basin, resemble generally those 
established in Knglaml. But in the southern hall ol the country, and generally in the 
Mediterranean province, the facies departs considerably liotb lilludogi'-ally ami pals:- 
ontological ly from tlie English ty'i»e, more (aiticulaily as regaids tlic Upjier Juras.sic 
rocks. The following taWe gives in descending oidei .i summary of tlie distribution of 
the Jurassic .system in France 

• Bull, Soc. Imp. (Ua Nat. Mmoxv, IStO. I>nntplugh, ij. J. (/. In. (18U6j, p. 216. 

* For a detailed account of the development of the Jurashie rm:ks of Kram«, hoc I)e 
Lapparent's ‘Gwlogie,’ 4th edition <1900), of whuh the author of the present work has 
largely availed himself ; also A. d’Orbigny's ‘ Paleoiitologie Fiun^aiiie— Terrains OoliUiiques,’ 
1842-50; D'Archiac, ‘ Paleontologie de la Franee,* 1868, and ' Paleonlologie Kran^aise, 
continn^ par nne reonlon de PaK-ontologistes — Terrain Jurasaique/ in course of 
publication ; Hebert, ‘ Les Mers ancienne* et leuw Hivagea, dans le Bassin de Paris,’ 1867 
(a most interesting and valuable essay), and numerous ]«]wrs in Bxdt. Soc. (ihJ. Fmnce. ; 
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10. Portlaudian, separated into two aub-atagw, At the base lie sands and 
equlvalents of the Portland Sands or “Bouonian," with OlcoaUphanut portlc 
and Exoi/ifra virgula. Higher np come sands and calcareous san^tones corresi 
to the Portland Stone, with Trifjonia gibbosa and PerUphinctes bononifnni 
the Parliecklan is niarke<l by species of Cyrena, Carhula, and Cypris. The 
best developed along the coast near Houlogue-sur-iner, where it is coniposeil o 
250 feet of clays, sainis, and sandstones, with Acrmalenia Koenigi, Nti> 
tirodifi, (Janfinm /‘flfnti, Triguniu roiliata, T, gibbosa^ T. incurm^ 
ex/Miim, Pevna Itonrhardi, J/orptigtHjleg (Pterocera) \keani, Peiiaphincten 
fiieirjieri, P. bonimiensi.% &c. At the top lies a bed of limestone containing 
Vyrma /V/Adi, and covered by a travertine with Cyprin, which may represent the 
Purlieck lieds. Far to the south, in Cliarente, some limestones containing Port- 
landian fossils are covered, by others with Cnrhuta Physa, 

Ac., possibly Purlieck. Fresh-water limestones, gypsiferous marls and dolomites 
(alxmt 200 feet), and containing (hrbvla fitrheniaiuL, Phym wold iano, Vahnita 
Mit'oideM, Trujonin gif)fui}ui, Ac., occur in the Jura, roi.nd Pontarlier and near 
Mortiuiu, in the valley of the DoiiIks.^ 

The Upper Jurnssic nK;ks of southern France, the southern flank of the Alps, 
and the wide area of the iMediterraneau ba-siu, pre-sent a facies so ditferent from that 
which wa.H originally stinlied in England, northern France, and Germany that much 
difliculty was lor many years experienced in tho correlation of the deposit.s, and 
much di.scussion has arisen on the subject. From the researches of Oppel, Bcnecke, 
IlMiert, and later writers, the true ineaniiig of the southern facies is now better 
urnierstood. It appears that the formations between the zone of Pi>risph. biptejc and 
Anpid.longifpitnim at the top of the Kiineridgian group and the base of the Cretaceous 
system are icfircsented in the southern area by a singularly uniform series of lime- 
stones, indicative of long uuVirokeu deposition in deeper water, and unvaried by 
those oscillations aiul occasional terrestrial conditions which are observable farther 
north. The name of Tithouian (which is thus homotuxial with Portlandian) was 
given hy Oppel to this more uniform suite of strata, marked by the mixed character of 
their cephalopods, and by their jH’culiar perforated brachtopoda of the tyjic of Pygope 
jitmtor ( --Teirbrafiih d>phyn)r Arouinl Grenoble, the massive liine.stoiie.s resting 
upon some marls with species belonging t<i tlie zone of Oppelui (cnuilolHitu^ contain 
Pyijope javitor associated with PerisphnirtfH Irttnttitonus, IMemniteif J'iUetu 
VidariH gbtndi/fra, Apit}t‘rinn3j(f.iitoiius. In the Basses Ceveiines, the limestones 
attain a thickness of more than 1000 feet. At their Im.se lie mails and marly lime- 
stones containing Macrnrepholitf.s iwtmKt'pfxd ns, A band of bluish limestone with 
bituminous marls (06 feet), belonging to the zone of bimaotnuUnm, 

represents the Coralliau. Some grey Iiinestnne.s (*200 feet), with Perisphinctes 
)Hdypl(Knis, contain fossils of the zone of ()p})fliH eipiivalent to the 

Sequanlau stage (p. 1140). These are succeeiled by a massive limestone (Ib'iO feet) 
with Py}pif¥> janitor and Perisphinctes tmnsilorius, and this by a compact white 
limestoiiH (fiOO-660 feet) with Trirbratala mornrica, Cidaris gland{ffra, corals, 
Ac. At the top lie some limestones (200 feet) with Pygopr diphynidrs and many 
ammonites (/Vrns/iA, transitoiins, Jlaplorercui raraciheis, Jloplite.i Calisln, Ac.). 

9. Kiineridgian ( = Klmeridge Clay), divisible in central and northern France into 
the following sub-stages in descending order : - 

{b) Vlrguliaii.^ Zone of Aspuloreras orUnKera, Itvineckia evdo.ritSy and 
It. psi'ut/oiniifabilis. 


Monographs by Ixiriol, Cotteau, Pellat, Royer, Toinbeck, Glangeaud [Hull, f^irte tied. 
France, Nos. 50, 62) ; Gassclet’s ‘ Esqui.s.<ie,’ cited ante., p. 927. J. F. Blake, {j, J. li. S, 
1881, p. 497, gives a bibliography for N.W. France, and Barrois [Proc. (led. ..-Isjioc.) a 
tummofy of results for the Boulonuai.s. For the last-named district consult also Pellat, 
B. S. (1. F. viii. (1879) ; Douville et Rigaux, op. at. xix. (1891), p. 819. Rigaux, ‘Notice 
Gi'ologhpie snr le Bas Boulonnais,' Boulogne-^ur-mer, 1892. 

^ On the Portlandian rooks of the Aqiiitanian basin see Glangeaud, Bull. Carte G(d. 
France, No. 62 (1898). 

* For a study of the Tithouian fauna see A. Toncas, B. S. tl. F. xviii. (1890), p. 560. 

* Named from the abundance of the oyster Exogyra virgnla. 
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(a) Pterooerian.' Zone of PtriipKinelit (/■irfoiiio) eyumlKt, (Vcorfcj^Aoiim 
eumelua^ OitptUa Unuitvbedix. 

The coast-sectiou new Boulog«e-.sur-nier expose* iiheriesof clays, sainls, and sand- 
stones (180 feet), from which a large series of characteristic fossils has been obtainwi. 
and which, as the type section of the “ Bouonian ” l)eik indicate a local littoral dejKwit 
in the upper part of the Kiineridge Clay. The Virguhan sulestage consists of 
clays, sands, and limestones, with abundant Ej'tnjyra vinju/a, together ^^ith 
HarpayiKU’S {Aspuioceras) irrthocera in the lower jiart, ,1. coldumuii higlicr np, and 
iAcitsiephtmua erinus at the top. In the French Ardennes, the Fterocerian ainl 
Virgulian substages are coniix)3ed of a succession of marls and limestones, the 
Pterocerian limestones king marked by Waftihaiuiu hvmfmlu, Miiinpteni 
{Pt^ocern) jtonti, Ac., and the Virgo I ian marls by inimen.se mimlwrs of Kivyym 
virgtda. In the Meuse and Haute Marne, a group of compiwl limesloneN, inore 
than 500 feet thick (Cnleaires de Barrois), with Olfostephanns tji(jiu\ Ac., lejue- 
seuts the Bouonian sub-stage. Towards the Jura the IMeroceiian sub-stage is 
well develojHid, ami shows its ehamcteristic fos-sils ; while the iiononiun I'ompnses 
the so-called “ Portlandian limestmies of the Jura, its upju r part kciunmg the 
yellow' or red unfossiliferous “ Portlandian dolomite.” In the department of the 
Jura, the Pterocerian sub-stage contains a eor.*il-ieef, more than 800 feet thick, 
neai Saint Clainle, and farther south another oteurs at OytuinaV. In the same 
region, the Virgulian sub-stage, c«)iiiposed of bituminous shales and thin litho- 
graphic limestones, has yielded numerous tishe-^, reptiles, and abundant eycads and 
ferns. The position of these beds is fixe*! by the ocenrrence of the K^oyniv 
viryvla below them, and of the Hounninn linieHlones with -Wnaaii and iihv- 
alephnnvs (jiyus above them From what was .said alxne under the Porllandiaii 
stage, it will lie seen tlial the Kimcridgian apja-ars in a totally tliUVrenl aspeit 
in the Mediterianean basin, being tbeie e*mijKised of thick limestones with a mue«l 
assemblage of ammonites, and cliuraetensed in the higher parts by the ap)>earance 
of Pygo/je Junittir, 

8. Heiiuanian.— .According to recent readjustments of the nomenclature, this stage 
is e^iuivalent to the np|>er half of the English ('orallian senes. It is siilxiivided 
into two sub-stages as lollows : — 

|//) Upjier or Astartian." Zone of Pi’niphine/ca AchiUca and /fillenx 
hunu’rnlia. 

(ft) Lower or llauracian.-' Zone of humiiiunuhiw. 

The English coralline type of deposit is prolonged far into the continent. It 
appears in considerable development in the Ar<leniies, where the lime8l<»nes, lull of 
cotals, and altentating with inarhs, attain a thn-kncs.s of 400 t<j 420 feet. Similar 
limestones attain a great promnience on> tin* Meuse, where they are more than 4r>tJ 
feet thick, and cousi.st of oolites and corals in Ihcir po.sitioiiH of growth. Iii their 
lower portions they contain llemicidurts crcHu/ans^ ChjpUruH fiifroylyphinm, 
Vularia fioriyfnimi^ and numerous corals , in their npp»T part they yiehl hvrraa 
aripfinuni, Xrrmaa Mundddohi, f'ardttim afreUlinfoii, V. attldaiudloHUvu Again 
in Yonne this sub-stage presents « coral-reef full of bunches of Septu-Htrtt'n, Mont 
livaitia, Ac. Farther south-east, in the Swiss Jura, coralliferons zones are inter- 
calated in the oolitic .strata. Sfnith-westwards, ui Burgundy, massive limestones 
with corals reappear, with lithographic ainl oolitic limestones. In the <lisliiet t)f 
BesaiKj’on, the stage is represente*! by 180 To 200 feet of coral -lime.stoue with 
compact and oolitic bauds, and sotnetiiiie.s with calcareous marls tliat abut against 
the sides of what were formerly coral-reefs. Some horizons in this region are 
marked by the occnrrenc.e of remains of fenis and other laml -plants (Saint Mihiel, 
in Lorraine : Dej>t of Indre). 

7. Oxfordian and ('alloviaii. -Under these names arc iiicliidtd the lower part o I 
tlie English Corallian group and the whole of the Oxford Clay and Kellawaya sub- 
stage. The strata are subdivided into four sub stages : , 

{d) Upper Oxfordian or Argovian. Zone of (fchetorctu MHoiindatvm 
and Perisphinctea Marldli. 


• From the prevalence of the gazterojiod Pterorrra. 

’ So called from the prevalent genus Adartf. 

’ From Rauracie, a name applied to the Jura region. 
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(c) Lower OxfuniUn (Neuvlzyav^ Zone of Cardioeeras cordahm and * 
Pelfomaa tratisversaritm. 

{b) Upper Callovian (Divesien). Zones of Queiutedtocerae {(hrdiocmu) 

A/ariw, ami i^. iMtuherli aud Pdtocerojs eUhleta. 

(a) Lower Callovian Zone of Reineckia anups aud ISUphooceraa 
( Knjitvnnceraa) otrn/uUuin, and beneath it the zone of Coimoctrat 
ijou-vriunuiH and AtacrticephaliUa vmct ocephalus. 

Thu upper part of tlie Callovian stage is well ex]>oiied on the coast of Calvados, 
between I'rnuville and Dives, where the Divesiaa marls and clays attain a thickness 
(»f more than 200 feet {(pieimtetWH'enis ((Jurdioceraa) Lamherti^ Maria!, Peltijcerag 
nthletu, Cusmiu'^ma Ihuicani, Belemuitea haaUUus, Ostrm gregaria, Hryphma 
tlUaltUa), and an upper sub group of clays with Cardioceras cordatum, C. 
rertfibriUf, PHloreraa Kiujmii, A»pidoctraa, Utyphxa diUUata, kc., representing 
the Oxfordian. Thu two stages, though much reduced in thickness, are clearly 
recognisable in the Boulonuitis. North-eastwards, in the Ardennes, the Callovian 
stage ap|M!nr<i as a jiyritoiis clay (25-30 feet) with oolitic limonite, the Oxfordian 
as a Heiies of clays, marls, argillaceous Handstone (full of gelatinous silica and 
loi'ally known as <jai^) ami oolitic ironstone. The iron-ore is worked at Neuvizy, 
where a large series of iossil.o lias liueii obtained. Round Poitiers, the Callovian 
di\isiun is ii]iwards of lOl) feet thick. Eastwards it dwindles down towards 
the .Inro, but is recognisable there under the Oxfordian pyritous marls (330 feet), 
d Hathonian. -This sulslivisioii comprises the French equivalents of the English 
Diwcr Oolites from the Fuller’s Kuth up to the top of the Cornbraslu Regaiderl 
fium the point of view of the distribulion of its amuioniteti, it has lieen Mih- 
divideil into four zone> : 

(f/) Zone of ifjtpelni aapidouli'a with (Kcotrauates seriiyetm aud Oppelia 
( (hyuoticenta) (iwcM.v. 

{(•) „ Uppelut /uaca, A/orphijcrraa polyviorphum, and Piclonia 

{b) the maximniu development of Purkumynio Pnrkinauni. 

{ti) Paduiisniiia (Ou<}n<tm'as) ijaraiitiana, P. suhfurenta, and 

( 'tafoernta subcoro nation. 

[ii Normandy the IJathonian stage continues the tyja* of the south of England. 

It consists of (fi) a lower group of strata which at one part are the Port-en-Bes-sm 
marls flOO feet or more, with JMemnitea be.viinit.'t, Alorphocerus ptHymitrphum, 
Opprllin fiiaca, Ac.) and at another, the famous Caen atone, so long used as a 
building material, and which from its saurian and other remains may lie paralleled 
with the Fuller’s Earth and Stonestield Slate; (/i) oolitic limestones (Ouhthe 
Miliaire) alnnit 100 feet lliick, with Lucina Hkllomt, probably representing the Great 
Oolite of England ; (r ) gratmlar limestone (Banville), bryozoan limestone, with 
.some of the foasila of the Bradford Clay and Forest Marble {JCudcsia cardiinn, 
Diciyothyris caarctata, Terehratula jUMliim, WaUiheiinia digona) ; {d) marly 
limestones and blue clay (Liou-sur-Mcr) with Oxynoticeraa Ifochatettcri, Peri- 
sphnictfa pi'iicenis, Hndfuia enrdium, Ithynrhondla «n//oc, probably representing the 
English Corubraah. In the Ardennes, the Fuller’s Earth is represented by some 
sandy limestones, lumaclielles, and granular limestone, with Catrea aenminata, 
Parkinaonta Parkinaoni, Jkfemndea gigantcu.n, Ac.; the Great Oolite by a massive 
limestone (100-200 feet) with Cardium pea-bovia, Puipnroidea winax, followed 
by 150-180 feet of limestones, with numerous fossils {Hhynehoneda decorata, R. 
elegant ida, Oatrra ,fl*d>eU(ndea, Ac,). The limestones are replaced eastwanls by 
marly and sandy beds. In the Cote-d’Or, the stage is largely developed, and 
is divided into three sub-stages: {a) I^ower (115 feet), limestones and marls with 
zone.s of Homnmya gibhoaa, Terebratula Mandelalohi, Pkdadomya bticardiuin ; (ft) 
Middle (196 feet), white limestones and oolites, with zone of Periapbinctes arbuati- 
genyt, Puipuroidea glabra and echinoderms : (r) Upper (82 feet) limestones and 
marls with EvdeHa cardium, Waldheiinia digona, Pemoatrm Pellati, Phdacrinus 
Buvignieri, and with laud-plants in one of the zones. In the south of France the 
Proven^l typo of sediments appears in a series of marly limestones (more than 450 
feet thick between Aix and Marseilles) with Periajdxinciea arbuatigerua, Ac. 

5. Bajocian,^ well develo^ied in the department of Calvados, as the name denotes. Its 


* From Bayeux in Calvados. 
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thickiiMi is 60*80 feet, tnd it ooniittB ^f: 1, Lower limesioue {Ludwigia 
Murehixonm^ Lioeeraa cohmww) ; 2, limestone with nnmerous ferruginous oolite^, 
fowUs abundaut and well preeerved {Parkinxonia gamntiana, CWorertM *tdi- 
coronatum {Amm.humphriesianiu)^ Parkiusonia Parkinsmi, PengphincUa Marttusu 
Oppdia xubmdiata, BeUmnites giganittts^ &c.); 3, Upper white oolite with 
abundant brachiopods, sponges, and urchins (/ieimiiifrs unimnaltculutiut, Ji. 
bessinus, Parkinsonia Parkintont, TerthraUda J*hdUp»t, iitomchmus bigniHultirtA, 

A^c.). In the French Ardennes, the stage (400 feet) presents a lower group of marls 
with Ludvngia Murchixonie and many corals, followeil by an upjier liincstouo (30* 

130 feet) with Oxlocenis IVagtUm^ licfem. gufuniruit, Ac. Towards lAirrainc, 
this limestone becomes charged with coials, some parts being true reefs. North 
of Metz, the stage is mostly limestone, ami reac-hes a ihickne>8 ol 330 feet. 

In Burgundy, it is chiefly a crinoidul linie.stono (100 feet), capping l>oIdly the 
Liassic marls. In the Jura, it attains a tliicknes.s of upwanis ol 300 feet, and 
consists chiefly of limestone. In Southern France, it swells out to greater }tro- 
portions, reaching in Provence a thickness of 600 feet, where it cou!*i.sts of sandy 
limestones and marls below {Vn-ncellophycns, Lmui ketenmorpha) with u thin over* 
lying limestone abounding in anuiuuntes (Sotnunut .Sto/vr^v/, Sp)uniKrias Stuuft). 
above which comes a ma.ss of calcareous marls. .O.'iO feet thick, seldom loutaining 
any other organism th.iu Pateu Siifnn.t. 

The Lias of France and Switzerland lia.s Ikhmi suhdivitlcd into four stages, of whicli 
the npi>ernio8t three correspond on the whole with the UpjKi, Middle, and Lower Lias 
of England, while the fourth is the eijuivalent of the basement l>eds of the English Lias, 
with ]Hirha|« [>art of the Penarth or lihietic group. Thcm> subtlivisiuns, with their 
several palieontological zones, are shown in the subjoined luhle. 

( Zone of Lioceras [liarjuM'mm) upahium and <i'i'uiimi><Trifn 
cer«A) miense, 

,, LytoceroK juretisc with JlaunmtfiHmts innigtif n.ud (innimiu- 
certts { Hur p<ii't'ro '*)/(! l/fu'umm {AMinomte.'i railiatts), 
haelyfioct'ras {Ca'fi^reruji) ommvnt’, i'clixura^ t'rmsiim, 
Ilildoceras {Ilarpoaruti) ln/ronx. 

IlarpfKftiiJi /((Icifenun and fIi/fioirrai> {UmptH'ertts) hifnnis 
Zone of PaHoplfurntmut {AmaJtfirus) xpiuntum. 

Aoud(hru.H vutrgariMv't and timumticmiH (//o/y««>#o>) 
tutniuinaiuuum. 

Derortms (>£</oreni«) IhivtHi, ACgoccroH ("(tpnc/n'nu, ami 
Lytixurnu Jiinhnatuw. 

Phylhirynis with Pptiniui {AC'jnrrafx) Jnmrsoni at t'le 
base and lifrocems {jEgucerdu) aniuthim. 





Zone of OphioceriUf [Arietites) airkosiutuin^ mXh lower sub-zone of 
Orynoixcerufi oxjfHotum, 

,, .Iric/iVesofifwws.with ,•^.(.■^J*/f’rwa/^«) j»fe//ari>rand Aignmos 
(M icro(fer(Mvra^) j/fanirin/'ihuii. 

,, Atietik^ Turnon. 

,, Arictifes Jlucklatuii, with lower sub-zone of Arvittn-ian 
{ArUtilfi) setnH'iiglafum {gftniiHrii mn). 


of SchhUveimia (ACg(Kfrns) nngtduta. 

PsiitX'frax {^figureras) p/awtr/ir. 

4. Toarcian. — ^ThU division corresponds closely with the Upper Lias of England. It 
is well developed in Lorraine, where it is from 330 to 370 feet thick, and consists 
of a lower series of marls with Poguhmcxnya, followed by an npiier group of sand- 
stone, oolitic brown ironstone, and overlying micaceous marls. 'HiiH ironstone, 
whiclt is marked by the presence of Liocmit [Harpocem*) opeUinum^ 
inxigne^ Bdtmnitex fihbreviatux, Oryphma frrrugtnea, Trigonia tiaviM, i.s largely 
worked at Longwy, Villerupt, Ac,, and can lie traced from tlie Ardcche to Lux«m 
bourg. Itt the AHennes, the stage includes a lower series of marls and clays 
(300 feet) with Harpoceras [Lwxfrns) terpentinum^ a middle marl containing 
fframmoeems {Harpoeertu) mdianx, Hiidocemn hifrfmx, fWocemof raquiniantim, 
BdemniUx eompremis, iT. artuiriujt, and^ upper limouite (Longwy) with LuxvraM 
{Harpocerax) qwfinttm, Urammoerrag {/farpoeerax) atdfn*r, (tgtrra /frrvginrft, 
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Tlrigonia^navi$. lu Yimue ttul COtft^'Or, it comift* of the following memben in 
EMcending order;—!, inarU with PosidM^omya and lumachelle with Uarpocenu 
{/jioceran) aerpentinum, C<iiUocera$ Desplac^i^ C. Holundrei (15*80 feet) ; 2, maria 
With Lutcenu! cimplanatwn, HildiKxraut htfrons^ Turbo capitaneus (26 feet) ; S, 
rnarla with Turb^> suhdupficutus, Coduceras crasntm (12*20 feet) ; 4, blue marlt* 
with (Mucelhphyciu tian»ieu» (25*80 feet). Near St. Auiaud, Cher, the stage con- 
sists of nearly 200 feet of marls and clays with seven recognisable zones. In the 
Haute Marne, it is nearly as thick. In the Rhone basin it consists of a lower 
group of limestones with Petieu tequirahin, and an upper group of lermginous 
beds, including an important seam of oolitic ironstone, and containing the zones 
of UiUlot'eroa bi/iuns and Linceras {IInrjn)cerait) opalmum. In Provence, it con- 
sists of a thick riians of dark shales with some limestones below and above, the 
whole reaching a thickness of 950 feet. In Normandy, the Toarcian stage is 
only 20 feet thick, but shows the characteristic ammonite zones. 

8. CharmouthianJ— The stage thus named corresponds to the Englisli Middle Lias 
and the up|H>r part of the Lower Lias, or zones 8 to 1.3 of the table on p. 1133. 
In i/irraiiu*, where it reaches a thickness of 230 to 260 feet, it consists of the 
following three assises in ascending order:— 1, limestones (lieroceras(jEijacenia) 
htn'tfi) and marls with phosphates ; 2, marls and ferruginous concretions 
(AiiiatthfUH nKtiy(intatus) ; 3, sandstones ((trt/phnii reijnlaria). lu the French 
Ardennes, it is 360 feet thick, and comprises : 1, sandy clay with AUcrodfroceras 
{JCjfiii'fmH) plan icoatat ton, Oryphna reyalarh, Plimfnlu apinum; 2, marl with 
Belemnitca claiutua, Jigoceraa caprinn'iiu ; 3, ferruginous limestone with J‘aUo- 
plvumnas {Amalthena) apinatiim, Bel, pajdhmia. Westwards this stage becomes 
almost wholly marly. In Yonne and CAte d’Or, it is divisible into three assises, 
in the following ascending older: 1, Belemuite limestone of Venurey (40 teet), 
comprising the zones of (<e) Gyebteents {Jig(Keras) Vulduni,, {b) Jiyitceraa venarenae^ 
(c) Lipam'eras Jfenleyi, (d) Ikrocerua \jSgoceraa) Oaiai : 2, micaceous and 
pyritous marls, about 200 feet; 3, nodular limestone nith large gryphites, and 
Peeten miuit'aleia. lu western Switzerland and the adjoining tracts of France 
M. Haug has shown that three facies of the Liiussic series can lie obseived, arranged 
in three (larallel bands round the crystalline core of the Cottian Alps. The tirst, 
that of the Brianvonnais, presents a series of crystalline, often brecciatetl, lime- 
stones, sometiniea corallferous, and abounding in lamellibranchs and gnsteropods, 
with but a tiiding intercalation of shule.s and marls. The second or Hauphinian 
consists of marly or compact, never crystalline, limestones and clays, with abundant 
cephalopoda, but no gryphfea.s, brndiipods, or gasteropod-s, and sometimes reaching 
the gi cat thickness ot more than 6000 feet, 'flie thinl or Provem;al is compased 
chietly of be*lded limestones about 2000 feet thick, with abundant ciuioids, 
bruchipods, and lamellibranchH.” 

2. Hincmurittii.'' -This stage corTe8pond.s to the gi-eater part of the Lower Idas of 
Kugland, comprising all this formation from the base of the Annafna zone flown to 
the top of t\\*i A ntjn/n fas zone. As its name denotes, it is typically developed 
around Siunur in the Cote-d'Oi, where it consi.sts of nodular gryphlte limestone 
witli marly bunds (23-26 feet), and is divisible into three zones, which, counting from 
below, are marked respectively by : 1, .1 'oroniceraa) rofifonnia ; 2, .1. 

{Goronienna) Bueklandi ; 3, A. {AafetiH-eraa) a(el/nri.% A.nhtuana, and 
ear. Near St. Ainand, Cher, it is composed of ulmut 15 feet of matly limestone, 
which represent only its upper part. In the Haute Marne and Jura, it is a 
limestone with curved gryphites, and ranges from 15 to 25 feet in thickness. In 
the basin of the Rhone it is a calcareous formation, 20 to 25 feet thick, contain- 
ing m ascending order the zones of ArieHte,a Davidsdnit .1. Uellaris, Oxynotieoras 
axyrwtuni, Micr(Hlfrocfraa{^€g(H-fras) jdanicoalfttuin. Farther south, it swells out in 
Provence to 275 feet, and is separable into a lower group with Arietitea {Coroni- 
erraa) Bueklandi, and a higher with BdemnUta aentua and ArUiitaa biaukatua. 
In Normandy, it is about 100 feet thick, and comprises clays ami marly gryphite 
limestones (A. bimlcalua), surnioniited by gryphite limestones and clays [Belem- 
kites hrevia, Waldheimia our.). 


* From Charmouth, in Dorset, where the stage is well developed. 

a M. Haug, BuU. Carte CM. France, No. 21 (1891) ; Lory , B, G. F. (3) lx. 

* Nametl by D’Orbiguy from Semur in the C6te-d‘Or where the stage is well 
displayed. 
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1. to the AHtjniat*t» muI PtttHtfrhis toni*«j at thi* Imoio of 

tim fiu|;lish Luts, rests oonformahly on the .sajnlstones niHrls, ami Innu'-lKHl the 
.lr»cH/<f ifntnttn zone or Kli.i-tJC ijjoup In tin- {it.tt:uige »ijstiii-t tlie /one ol 
1‘siltjc^rat eoin^wwl of dark Intuimiuuis mails iind letid hiiH'stoue' 

(10 to 40 feet). eontAiiis ('nn/nti'i itC'tJun/f '>}, and is •.meiedeil i*y tlie saiKlstone ol 
Ilettauge (neaily iJOO leet), with S<hlt^h, iti.ni ouijulutii ami nniiieroiiH otlier lossilx, 
amount whieh are ahundant shell-, of with Htutiula. IWit'u, Iahui, 

Munifira/tm, ami a uuiids'r ol feiim and i-M mU ( hutifo/’ln/lhojt, 
ThiHti/eitlm, The /(Uie Ihioiih-. less sandy as it ad\an«fs 

into Ikd^min, where it forms tlie Marne de .Inmoi^'tie The Hettam.:ian st;i«e ol 
Bnrgnudy is thin, and m eomiM^se.l <.t a l.»wei Luniael'elle ile lioniK'";/m‘ 
irrryniarts. t'anfiuui Li'-fui, '■t.u MU.t t’ fm/f wni. (' <h utn fin iii\ 

Hvryuudm ) and an uj>|u-i niiil\ limestone known us “ Fme «le Vi -in “ 
liusicus, S^-hlffhiiuuu uinjultifA. S. .(oneti/o/. (h i/nofto niK liuiyumfiA , J.iflmtHit 
rlathroffi, ('unltmu, Ai.). In the hasm ut tin Khoiie, the l^lttuoiins /om- m .ilH>nt 
40 feet thiek, .ind the Au'tufntvs /.one -H to ‘Jd fei t In ('tdeiitin. the sla+je in 
< livi.sihle into .t lower siih nionjv of mails (.1/ //.*(/// . f’urhtihi l.inhu'ht*) and 

an HJiper suh-;:ionp of limestones {('iHhm" m/n niii.i, f’litcn ni/xiitnisi'.). 


One of the most interesting featni*‘s of lie- l,ns m the noitheni or .Iiirn jiait ol 
Swit/(M‘l.iiid is the iiiseet-beds .it Seliiimheleii iii tin (‘niton Aafoan. 'I'he iiiseetH are 
hottei jir“ser\«-d and luoie v-iried than thos< m the Kn^jlish Lias 'I’luy unhide 
re|ir(‘.seiitativeH of Orthopteia, Neiiioptei i, <oleo|iiii.i (u|»wtiids id lot) spnies id 
hcetles), H\ nieno[iteia, am! llemiptei.i Ahmit half ol the hntles aie wood-eating 
kinds, so that theie iiui'-t liu\e been alnindatii womllands on the .Swi.ss di\ i.ind in 
Lia.ssio tnne.- 

flar man y ]u lioitll Weslilli (ieliaaiiy tin .llhloimd el;i.ss|||e,atlon of the .hiraSHIO 
sy.stem has been adopted :•* - 


rt 



I I'liibei k -.rroup (Seipulit. a linievtoni ino li«i thn k, and Murider Mi*r);el, a 
I seiies of red Htid (iiieii mails, with didomile .iiel )>ypsiint, at least 1000 
I f» 1 1 thn k), toriniii); a tiaiisition !•• t wi . n tin- I’m bei-k and I’m Hand ^:lollps. 

[ KiiiiImi kli.iiiser IMalteiikalke and /om- of (t/msfi fifniims eipiivaleiit to 

the Lngli'-li I’ortland ^ronp (Co// ('/•/, Vn ('ifivna). 

I KiineiidKe 1 I'l^'b i-fiii <t ni'iithi \ iijjiiliaii ; Middle oi 

i JUrioniii {//m \\ Ih-iK (I’li um eriaii) . l.a»wei (A.staitiaii, llp|Kn 
J Seiinaiiiaii), with Xi'mitto lu-ds and /om- ol J'fnhrufnln humetat is* 
(.'orallian, with ('ulum ffm H/I innif. eoi.ib, Pnfiii uinnu't, iistrrn ntsffHans, 

Am //<<»" iiiuryis. 

I.O.iifordian. with (j/if/ilum ilihtfufo, js-runnatifiu^ Caninsi'ifi.s 

rill ifnl inn. 

Clays with ms m iiufiun. C J<i-»iii^ i^neiistriit>sciu\ Ijnnhi'rfi, 

li( i)ic< km iiiifC/i\, J*i ffim'iiis iiihlitii “ilinatns ela\h. This sUt^/e Is 
iisnall) im bided by Cerinan jjei.Io.O'ts ni the Middle Jura, 
f IT,,,,,.,. ( shales, and leriii/inons --olite with at the top the /om* of 

( Miirrini'f/luiliffs hnu n«» fholns. e«pii\alelit to the ('ulh»ia>i 

[ or Kellawasa nnk, and at the bottom that of l‘ui kinsumu 

1. /‘iokliisnlll. 

/ ■’ iJlfuicatns • whh hteii ” with ptirknismiiu {Cn'iinim’ras) fo/io 
1 cilia These “Bilunaltis IimIs. ’ with the llauptroKi'iistein 


Upper 
20 100 
ft. 


* Named by Professor llenevier from the sandstone of MettuiiKe m Lnxeinhurg. Tins 
atage has Iweti widely known as that of the “ Infra- Lias. ' 

Heer, ‘ Ur.'.elt der Schweiz,’ p. S’2. • 

Heiur. Credner, Oher. Jura in A’. IT. Itnifsi /ilmnt. 180,*i. S<;e also the works of 
Oppel ami Qiienste«lt quoteil on p. 1LT2. ami K von Sfebaeli’s licr Uninimcrsi hr. Jnm, 
1864. Bramis’ Vnh'r. MiUK I'ml iffni. Jan\ LSOH. 1871, 1S74. O. Kiaas, ‘(lefjgm^- 
stlsclie Bcschrethiing’ son Wurttend/erg. Baden niid flohenzollem,’ Stuttgart, 1882. 'J'h 
Engel, ‘Geognostischer Wegweisrr dureh WtirttendH-rg, Stuttgart (18‘‘3). 

* Stnickiiiaun, *V. Jahth, 188] (n.). j,. 102. 
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Above them, including the Kmee of Oppelia /iisca and 0. 
attpidoidfis, form the Bathouiun stage. ^ ... 

“CoroMatuB-Hchlchteu,” clays with Siepkeocttas hum]th,-umi- 
anutn, aiwl many corals of the genera Monthcaltw,^ Tkeco^ 
amilin, Cladophyllhi, Jmtahmt, Voafimnstrafa, and Thamuts- 

a.strea limestone with Ostreu Marshi, 0. edidi/onnis, Tngvnia 
roslato. 

.Clays with <//</« 

? Hliales, sandstones, and iron.Mtone.s «ith Inuceraiuus polyjdocus, 

I LHdtngia {Harp>)Crras) AIiirchi/ionH\ IWten personalKs. 

"I Clays and .sliale.s with Lioceftia {llurpacmiH) opalintnn, TriijimUt 
\ mtvia. 

KJrey marls with Lijlmrfoa jtoeim (.hirensls-Mergcl), 
rj>nts (IhiriMiCi’.nis) ntdiana. 

-I mtuminous shales ( Posidonieu - Sehiefer) with Harpocenu 
I liiihcnne, /kirtylioceras {Ccelticeiva) eorin.uine, llai-jwreifn 

( h(f'i‘oiia, 1‘iuHidonimya Bronni. 

I Clays with BtdtopleuoH'eras {Auudihfus) sphid/irtn, Ainultheas 
1 tnarguritotus, BdemnHet fULcd/tians. 

I Mails ami lime.stones with .Etpurivs i-np, icnt-Hn, Dt'mceniH 
^ IhiKfi. 

1 Dark clays ami ferruginou.s nuuL with Phi/lbnnw d>e.>‘, 

I Vid.itia [ .Kifoi'rra.'t) Jaineavai, Terehnitnla nuniismalia. 

( Clays with Ari>‘tifea Maaua (Tthneri), iKcyimtin’ras luyiwfinn 
(O-vyuotenhiKer). 

Oil shales ami IVntacnnns lieds resting on gryidiitc limestone 
with .lr/V/iVf.s Bitcldutuli, (iryphna oraoito. Limn ylynnten^ 
S/nn/rnnu Wnhutti (Arietemsehichteii). 

Samlstones with Schlnthfimiu nnyidofn (Angulatenschichten), 
Vnrdinio lAaUri. 

Dark <dnys, .sandy layers, and limestone with l*'<di>(‘prns ji/au- 
[ <>/•/»<> (yAsdono/w/w) (Psilonotenkulk). 

Ill lithological eluiractei-s the (Jerinan Lower or lUack .Jura iirosents inauy isdiits 
of resemhlaiicc to the Knglish Lias. Some of the shales in tlic upis-'r division are so 
bituminous as to be workable for mineral oil. With the general succession of 
organisms also, so well worked out hy OpiM*!, guemstedt, ami others, the English 
Lias lm» been found to agree closely. ^ ■ 

The Dogger or llrown Jura rei»rc.seiita the Lower Oolite of England and the 
Ltages Bajocien and Buthonieii of France. Its lower division consists mainly of dark 
clays and slialcs, passing up in Swabia into brown and yellow .sandstones witli oolitic 
ironstone.^ 'I'he central group in northern (lerinany ditfers from the conesiionding 
beds ill England, France, and southern Oermaiiy hy tlio great preponderance of dark 
clays and ironstone nodules. The upper group eoii.si.st3 essentially of clays and shales 
with Iwnds of oolitic ironstone, thu.s presenting a great ditfereiico to the masSive 
calcareous formation on the same platfoim in England and Fiance. 

The Malm, or Dpper or White .Tuva corresponds to tlie Middle and Up|)er Oolites 
of England, from the base of the Oxford clay upwanls, with the equivalent formations 
in France. ' It is ii])w:mls of 1000 feet thick, and derives its name from the white or light 

^ For an account of the fauna of this stage in tlie upper Rhenish lowland see A. 0. 
Scbllpiie, Abhand. f/t'o/. iSpechdknrt. Elanas l^hr. IV. Heft iv. (1888). 

* 0. Meyer, “Koralleii de.s Doggers,” AMand. h'eul. iipecudl'art. Pdaaas-Lothf. IV. Heft 

V. (1888*). 

» For an account of this stage see J. A. Stulw, AbltandL Gcd, Spfcialkart. Elatua^Lothr. 
V. ii. (1893). ‘ 

* For a detailed stratigraphical and paUeontological account of the Lower Dogger of 
German Lorraine see W. Branco, Abha^ui. GeU. SpeciaUMrt. Elaass^Lothr. II. Heft ii. 
(1879). 
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colonr of iU rooks oontruted v^ith the d&ric tints of ike Jursssic strata below. U 
consists mainly of white limestones in many varieties : otlter materials are dolomite and 
calcareous marl. Its lower (Oxfordian) group is essentially ralcareous, but with some of 
the ftMtsils wliich occur in the Oxford clay, e.g, Cosmoceras onuitum and iirgyhjtit ditaUUti. 
The massive limcstoncK witli t'idans Auriifcmma are the etjnivalcnts of the Coiallian. 
The Kiuieridge gt'oiifi preHcnts at its base Ih^h t^iiuivalent to ])art of the Seipianiaii or 
Astartiaii sub-stage of Franco mpmcorailuw^ A'atka ttlofMnni, &c.^, with sncli 

an abundance and variety of the g)istera(KMl genus Xrrhura tliat the lietls have liecn 
named the Xennwn -Sehichten.” Above tlie.-a* c<»inc strata with llaiyugtxleji 
{hrrtKn'ii) ikeuni (I’tero^erian', inaikiiig tlic central zone of the Kinieridgian stage. 
Higiier still lie com {tael and oolitie limehtoiieH with Kjitgyni tirguhi (VirguIianV At 
tlie top some limestones and nuiily clays yield OUaHUphunus gig<ui il'ortlandian). The 
must ini{xjrtant iiienilx'r of the (iennan Kinieridgian stage is undoubtedly the limestone 
lung i|uan‘ied for Uthograpliie stone at Solenhofeii, near Munich. Its excessive lineness 
of grain has enabled it to pieservc in the most marvellous iierfeetiun the rtunains of 
a remarkably varied and abundant (anna lioth of the sea and land. Besides skeietuns 
of ii.shes {Aspuhrhiimhus, Mrynlui'U*), ce|»halo}MMls shoeing casts of their 

soft parts, cralis with |«irt of the integument in place, and other denizens of the 

watei, tln'ie lie (be lelus of a teiiestnal iaiinu washed or blown into the neigh lionritig 
shallow l.igtsMiH ilia'jon -Hies with the lace-woik «f their wings, and other insects; 
the cntiri’ skeletons of Bterodaetyle and Khamphorhyuchus. in one ease with the wing 
inembiane pnseived (Figs, 4Jb'»-lM7^. and the renmiiis of the earliest known bird, 
Arclt»‘opff,’,fr iFig. 4;{s., The up|»«T Jurassic seiiea is well develn|s'd iu Hanover, 
where it has been eaiefiilly studied by ('. Struckmaiiii. The I'ortland group was sliown 
by him to t onUin eighty tive sjHTies of ('o.^sll^ one-half of which are lamellibraiudis, and 
to inchule tin* characteristic ammonites A. gignu, pnrthtmlirus, (tratrMimmx, iiigantrun.^ 
The (lei man I'uibei k group attains an enuruums development iu Westphalia (lOfiO feet), 
where, between liinestoiies lull of iWlndo. VtrifMtrus, and ('ijclas^ jKiinting to fresh- 
water ilepoMtion, there oeeur beds of gypsum and Ks'k-salt. 

Alps. Tlie Jni.issie system in tin* Al[is is develojied lindei a different aB|MH‘t from its 
vaiied eliaiiu-tcrs in central and western Kuio|h‘. it theie ineludes inassivp redilisli 
limestones or maibles like those <d the Trias of the same legion. Indeed it would sw'm 
that the iK'Iagic conditions undei which the Timssic limestones were dejioHited Innl not 
entirely passeil away wln ii the Juiassie torniatioiis eame to be laiil down. We liave 
seen Umte, p. U.'i’J) that in the we.stein jturt of the Alpine i-hain three di.stinct types of 
the Lias are to la* found. In the Tyrol andea.stein Alps the Lias pieseiits still otlier 
iithologiuil and jial.eontologieal charaet<‘i.s. A distingnisliing feature is the prominence 
of red and variegated maibles, also the Blmmlunee of geneia of ammonite.s wliieh aio for 
the most part feebly lepresented in ecntial and western Kurope. Of tliose familiar in the 
latter regions, some <»f the coiispiciiouH forms aie s|«ecie.sof riigllorcraa, Lylorertis, Amal- 
tkeus,.Oxynoticfms, Aru'tilf'<, /t-o/otveos, and SchhAhLinia, At Adneth, in .Salzbing, 
this faeies has lieen long .studie<L In the Hieilatz MounUiiis of the Sulzkammergut the 
Lia.s is rejiresented by massive white and )iiitk limeHtoiieH with abundant bnichioiKxla. 
Yet with thesif calcareous de|NJsit.s there aie also lievcloped along tbe southein borders 
of Bohemia and eastwards in Hungaiy. sandy and argillaceous strata coiiUining so 
much vegetation a.s to aHonl in .some places beds of coal.'' The Alpine Lias, in spite of 
these variations of character and organic contents, shows here and there some of the dis- 
tinctive anunonite zones, so tiiat it can be plaml in comparison with that of ^ic rest of 
£uro))e. It lies confuiniably on and passes down into the Rhadic seiies. 

Tlie equivalents of the English Lower Oolites or Middle Jura" of the Contiucot 

* 'Der Obere Jura der Umgegeud vou Hanover,’ 1878 ; Puluetmlrdtig, Abhand. (Dames 
u. Kayzer) I. i. (1882) ; Zeiiach. Deutsch. fJeoL f/ea, 1887 p. 32. 

» Neumayr, k. k. Geol. Heichmtut. 187». 




1itv« bten <ktect«d in botli the wettere attd lewtem Alpt, hat are not weH developed 
there. In the west, where they are abont 1800 feet thick, they consist of limestones, 
•hales, and clays with oslcareous nodules, which form regular alternations. Ammonites, 
especially of the genera Phyllcceroi and Liftoceraa, abound, together with Pondonmya. 
The souei of Ltuhcigia {ffnrpoeeras) Murchisorue, Lioeeras (Haiyoceras) eoncavum, 
Sominia Sowerbyi, S, Pomanif Stepheocerm hnmj^riesumum^ Purkinamia Parkinaoni 
and Ojijxlia/uacui have been recognised.* 

The Oxfordian and Corallian divisions of the Jurassic system, or Callovian, Oxfordian, 
and Setiuaniaii formations, are in general feebly repi^esented in the Alpine region ; but 
the Up))cr Oolites or Kiineridginn and Portlaiidiau series attain a large development. 
It is tins higher )tart of the system which in the Al)»s s{>eciBlly presents the Tithonian 
facies already referred to. Aliove the zone of Opindin tenuilobatum {Aapidoeenui acanthi- 
eitm) conies a mass of strata consisting of a lower group of reddish well-bedded limestones 
so full of TarfbnUuIa dijAitfit (PggiyH; janitor) as to be named the “ Dipbya-limestone ” ; 
and of an upper thick-bedded or massive light-coloured limestone (Stramberg limestone, 
hrom Stiamlierg in iloravia). The limestones are often crowded with cephalopods, of 
which a large number of si^ccies, many of them jiecnlier, have been noticed [Phyllvetraa 
p^yc/ioiVitHi, Sinxoceras ro/aiie/tsc, Sonninia {IVaagenia) hybmiola, PeritpkincUs Irami- 
toriua, Opftelia litliogi'aphica, 0. attmapia). The presence of some of these shells in the 
Portlandian rocks of Germany serves to place all these Alpine limestones at the very top 
of the Jurassic system. About a dozen species of fossils pass up from them into the 
Ci'etaceous rocks. The shales or impure shaly limestones are sometimes full of the 
curious cephalopod oiiercula known as Aptychm (Aptyohus-beds). Some of the niore 
inomive limestoiios are true coral-reefs. Many of the limestone escarpments of the Alps 
(Hoohgebirgskalk) are referable to the Terehratvta diphya beds. In some places they 
are overlain by the “ Dlphyoides-beds’* (with Ttrebratula [Pygope] diphyoidea), elsewhere 
they ]»aB8 insensibly upwards into the so-called Bianewte—a white comiiact siliceous lime- 
stone containing Cretaceous cephalopods. The Diphya-limostone, with its peculiar 
fossils, apiiears to range from the Carpathians through the Alps and Apennines (where 
it occurs as a marble) into Sicily.^ 

HeditsmiMtii Btl l n, — ^The older members of the Jurassic system liave been more or 
IsM distinctly ivcognised by the evidence of fossils over a wide region around the 
Mediterranonii. The Lias apjiears in various parts of the Spanish peninsnls, generally in 
• dolomitised condition. In the centre of the Apennine chaiu, where the plications of 
that region have brought it to the surface, it is found in the form of limestones with 
ammonites and variegated marls {Aidetitea, SchloUmmia, Lytoeeraa, he.). In Calabria 
the Lower Lias has been estimated to consist of upwaids of 1600 feet of white crystalline 
limestones {Spiiifenna, WaUihtimia). The formation crosses into Sicily, where it has 
y elded some of its typical fossils. On the eastern side of the Adriatic it rises again in 
d isiiia, and has been found in Kpims, and iu the op^Kwito island of Corfu;’ 

Middle and Up|»er Jurassic formations have a similar distribution. They have 
bo lt recognised in S^iaiu and Portugal iVom the Lias to the Portlandian, the Tithonian 

* Hang, IMI. CVrri, GAJ. PSttnet, No. 21 (1891). 

' In the voluminous literature of this subject the following works may be consulteil : 
QplK*l, X, IkHtack. ffad. Oea. xvlL (1866), 535. Neumayr, AbhandL (ieol. RdchaanatalU v. 
ZlUi l, PaUimt. JStiitheiL J/ws. Bayar, Hvliert, Soc. (iftti. France, U. (2) p. 148, xi. 
(S' p. 400, K. W. Benecke, 'Trias uud Jura in den SUdalpen,* 1866. * Qeognostisch. 

I’ul.iontologische Beltriige,’ 8vo, Munich, 1868. 0. Moesch, 'Jura in deu Alpen, Ostsch- 
wei/,' 1872. E. Fraas, '^oerie der Alpen.' See also the ' Jura-studien,' Ac., of Nennoayr. 
alu fly eiU^il (p. 1120), and the papers of Favre, Loriol, Renevier, and others. 

G. Stache, Abhand. ileot, Jtiichaanat. Vienna, xiit (1889). A. Pliilippson and 0. 
Btemuiaun, X. D. 0. 0, xlvi. (1894), p. 116. Partsch, Petermann. MUth. (Eigiiiixungsheft, 
Nj. 88, 1887). 





Uetm bee(»ming strongly nuuM in Uio liigitor fomttious (|i. U48V Whilo Uhm •tmig 
nre genersUy of nuriue origin, their hi^er members in Portngal inreisnt increniigg 
eridenoe of terrestiisl conditions, until in whst insy be the equiveleut of the 
Seqiumien and Kinieridgiau stages an abundant flora has been preserved, embraoing 
12d siieoies (71 fonis, 7 eyoada, 26 coiiireni, 8 inonocotyiHions), among which ]Mrha|Si 
the most interesting forms are .aoiiie that are regarded as primitive ty}ws of 
angios|)emui. A remarkable Kimilarity has been traced between this sssemhUge of 
plants and that found in the American Trias, three a|tecies and fourteen genera being 
common to both, while on the other hand a still more striking i^niblanoe has besii 
traced between it and that obtained from tlie Lower Cretaceous formations of the United 
States. We shall And that in some jiarts of Portugal a gradual passage <;aa Ite traced 
from Jurassic into Cretaceous strata, and that ^he ten^estrial conditions of tliat region 
continued into Crataceous time, their record being preserved in a higher group of strata 
wherein another abundant flora has been entombed.* The Jurassic formations reappesr In 
the Balearic Isles, Sardinia, and Sicily, while In Italy the Tithoiiian type of the highest 
menil)ers coiiios out strongly among the great marble series of the cliain of the Apennlns|i. 
Jurassic fossils have likewise been obtained from the eastern )sirt of the' Mediterranean 
basin. Those collected st Mount liermou in Palestine indicate an Oxfordian horison. 
The system is thus prolonged from the European region into Asia. 

Russia.- -Jurassic foriuations spread over a larger area in Russia than in any other 
{tart of Euro{s>, for they sweep northwards over a vast breadth of territory to the White 
Sea, and extend eastwaids into Asia. Yet in this wide area it is mainly the np{ier half 
of the system which ap{)ears. The Lias and other formations of the l/>wer Juiwario 
series have Iteen traced in the south of the empire. Some of them are found in tl|e 
Crimea, whence they arc proloiigi-d An either side of the CauoasUu chain, but chiefly on 
the north side as far as thu ])lanis of the Cas{dan Soa. Over the northern half of the 
country the variotis formations from the Callovian up into the Cretaceous system haff 
been idvntifleii. The fauna of tlieac RuMsian Jurassic formations, however, is so peculiar, 
and for n long time yielded so few species found elsewhere in Eitro{)a, thsl; it waa 
diflicult to eurrelatc thu rocks with those of better known regions. More sodulout 
rusearoh has now in large measure removed this dillieulty, by showing that some of tlio 
recognised life-xoncs of western Kuro|K? ciij h« detected in KuMsia.''' At ths bottom lies 

(1) the Callovian stige, consisting of days, divided into— n. Lt)wer with Key>flrriU$ 
{('minoeeTan) eallovintM, Co»intic<i(v< gmcrrinnum ; b. Middle witli VonnocfTOM JaiOH, 
Stepheoerrfm cor&mtum : r. Up|»er with QtiewitetUoco'as Lfmbedi, ComouroB Dmea%i. 

(2) Oxfordian, com{M>sed of dark sandy days nitd divided into— a. Lower with Cardioemu 
coytiaiiOH, C. vrilelfniU, Perittphitult'n plicatilu, Jspidoc^rru jKrarnuUitm ; b. Upper witli 
Vanliocfitis nitrrmus, IWixphiwifs MnrOili. (8) Volgian (of Prof. Kikitin), consiMtilig 
of green, brown, and daik sandstones and clays, which extend u{) to the shores of the 
Arctic Sea. They contain Pcrisphinden iHeichttn, I*. Kikilini with species of JjGplitei, 
VirgtdUes, and a grunt abundance of the lamcllibranch genue Aiurlla. This group is 
correlated by Pavlow with the Portlnndian stage of western Euro]ie. This author 
ananges the several U|>{ier Jurassic groupe in the Syzran district aA follows: — 1. 
Kimeridgiaii, marly clays with JlrintckUt {HoplUfs) fmvdomutalnlia ; 2. Poillandian or 
Bonoiiiaii, consisting of (a) Blrirluri-XicAi, shales, and clays w'ith IMemnilei magnijtcu$t 
Ancdla Pailmi, and crushed ammonites of the Bleitheri type, (1») 

phosphatic conglomerate and shales with VirgatUa virgeUtiS, SdemniPa abBoItUui, Ae.y 

* P. (nioffat, **ReceaU de Monograph Us Stratigrepbiques,*' Serp. (Jed, PoftttgtU, 1885t 
1900. De Saporta, Ompl. rend, cxI. p. 812. L. F. Waixl, Wk Aniu JRfp. U.S. U, M, 
(1896), p. 520, and jwttM, p. 1206. 

* Meumayr, Oeugu, PalwmUol. ReUrttgf^ 1876, vol, U. Nikitin, Neva JaMt. 1886, ii, 
p. 206 ; Mim, Aead, St. PHertbo¥rgt 1881. Pavlow, Bull. Soe. O(ol. JPrauce, xii. (1884) i 
Bull. Soe. A*ai. Mooeou, 1889, 1891. 
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(e) <7^on^'bedt— gltoconitio Mnditohe, with large ammonitM of the OiganUu* type : 
8. Aquilonian, ooneisting of celoareoui sandetone and coinpriiiiig(l) a lower eub-e^ge 
or rone of AminmxUes fragilist svhdUuB, and ea/e?iu/a<iM, (2) a middle zone of A. wdiger 
and A. ti^lypeif<yrmi9, and (8) an upper zone of HopliU$ riaaensis. All tliese zonea are 
$0 connected with each other by tlie presence of the same BelmnUes and Aucdlm {A. 
FUeKexn, Ac.), as to form a natural group which* is regarded by Prof. Pavlow as the 
marine equivalent of the Purbeok beds. It is further linked with the Lower Neocomian 
by foriiu having Neocomian affinities. There is thus a marked similarity in these 
respects between it and the Speeton series of the Yorkshire coast. ^ 

Swadan.— The coal-bearing Rhtetic series develo))ed in Scania and referred to on 
[), 1098 is followed by a series of murine strata, in which a number of the ammonite- 
zones of the Lower and Middle Lias have been recognised as high as that of Avialtheits 
At Hoganres the lowest strata, comprising the Flanorbis and Angulatus 
zones, consist of the following liands, which still show a mingling of terrestrial tr^es. 
At the base lie beds with Cardinia Folliuit OxUhitria angustUoha, Sageno^eria rhoi/olui. 
These are overlain with a layer containing Cyelaa Nathorsti and insect remains. Then 
comes a bank of oysters {0. Hisingeri, Oervillia aeanim), followed by one full of Avicnias 
{A. iiuquivatvia) with Tancredia Mcmiformia and T, artiuuea. The upi)erinost member 
of the sevios here represents the Bueklandi-zone, and contains a number uf ammonites 
(A. afnnenmu, A, acipionianus, A. Bucklaiuii, A. bianJcatva) with Oatrm nreuata, 
Avicuia ineqitivnlvia, Peef.cn janiformia^ Ac. At Kurrcmblla the Middle Lias is re^tre- 
Mnted by strata containing Ui^mia Jmnemui and other fossils. Jurassic formations 
apjieav also on the island of Bornholm. On the island of And6, at the north end of the 
Cofoiien group, Jurassic deposits have long been recognised. They include traces of a 
terrestrial vegetation {Baicra^ Sclert^eridinm^ Phmiicopsia. Pinw, Ac.),* together with 
marine shells ((?r;/pAa!ad(7a^cAi, LinuidupUatta, Peefen mlidua^ P, numvivlana^ Aiterl/a 
Keyaerfingi, and some undetermined ammonites and belemnites), which [>erhap8 
indicate Oxfordian or higher horizons.* 

Arctic Kegiona.— The Tt-iassiu series in Spitzbergen already referred to is followed by 
Jurassic strata, which apiwar to belong to the lower or middle part of the system. 
They have yieldetl Lytocerna tripnrtitum and a Cadttcema. From the neighbouring 
King Charles Islands Wofessor Nathorst has motie known the existence of repi-esenta- 
tives of the Brown Jura. The Tertiary basalts have there overflowed and ]>reherved a 
series of Cretaceous and Jurassic strata. In the latter the Bathonian stage is believed 
to be rapresented by beds containing Pacudomonotia ceMunta, and the Kellaways group 
by overlying de)iosit8 in the lower part of which A[acroeej)halitea var. avctica, is 

found, while higher up Cadaca'oa ami Bclcmnitea anhexUnam occur.'' 

The presence of a Lower Oxfordian or Callovian stage in the east of Greenland, 
within ten degrees of the )K)le, has been proved by the discovery of Maci'ixephnliUa 
amci'oeepholxxa^ Cadoceraa Tchefkinif^ C. viodiolaria, Bdemnitea Pandcri, Ac. Below 
this stage lies another band containing Maet'oeephalitca Mnta' and three species of 
belemnites, which may i)erha|w reprosent the Cornbrash. In the same group of strata 
a chanoteristically Jurassic flora is met with, including species of PkylUAheca, 
AnomxamittJk ZaniiopUria, Aapkninm^ Ac.* Farther south on the Greenland coast, 

t Pavlow, Bun, Aw. Xai. Moaam, 1891 ; Q, J. O, S, IIL (1898), p. 542. See further on 
rids stthittct A paper by Prof. E. Haug, ** PortUndien, Tithouiqiie at Volgien," B. S. U. F. 
xxvi. (189iik 197. 

* B, Lnmlgreii, Unietrait. Anralrift,, Lnml, xxiv., 1888. J. C. Moberg. Srerig. tteo, 
VaderaiH'M,, Stockholm, 1888. 

* Heer. * Flora FoMilis Arctka;' iv. S (1877). 

* B. Lnndgreiu Videnababa^SAd:, Christiauia, 1894, No. 6; 

* tkot, F9ren. FSrhandk, Stookholui, xxiil. (1901), p. 841. 

- e ifMm. KVwtoii and Taall Q, J, U, A liii. (1897), p. 477 ; Uv. (1898), p. 848. 
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SvMMi^ rock* hftTe beta tumoA df (E^j^ SUwMt on Seorttby^^nd (Itt 70**25), urban' 
tbiri^<MTeu tpecies hare bna dMoHM, probably indioating « OalioTbua horiaon.* 
AawriiNu—So fbr w yet known, rocke of unquestionably Jurassic age play but a 
subordinate part in North American geology. |io marine Jurassic rooks have yet been 
found along the Atlantic border. Some goologbts have regarded the upper part of Die 
estuarine Newark scries (p. lllO) as rather Jurassic than Triatsio. With more (miIwoii* 
tologioal force the late Professor Marsh strongly maintained that the Potomac fonuatiou, 
which has generally been placed in the Cretaceous system, should be regarded as the 
equiralent and reprosentatiTe of the lacustrine Atlantosaurus beds of the interior of 
the continent, which, on the ground of their vertebrate fauna, have been admitted to 
be Jurassic. As has been recently shown, the ao^calleil Potomac formation is probably 
Jurassic in its lower and Cretaceous iu its upper portion.'^ 

In the centre of the continent marine fossils of Lower Jurassic age have been 
obtained in Wyoming, Dakota, and other states. Above this marino platform oomes 
a series of highly -coloured clays of lacustrine origin, full of vertebrate remains, to 
which further reference will be made in the next paragraph. In California a repre- 
sentative of the Euro|iean Lias has been found containing ammonites of the AriMikH 
tyjie. Middle Jurassic rocks ap]>esr to exist in the same State, where the upper part of 
the system is also well represent^. Lower Jurassic formations extend into Oregon, and 
reappear among some of the islands within the Arctic Circle (Griitnell, Prince Patrick^ 
Hathurst). Remains of JchthyomuriiM were brought by Sir K. Belcher from Exmootb 
Island. Junissic strata not only stretch along the western slo{ieH of North America, 
but also along those of the sonthern half of the same vast oontineiii. From Bolivia 
and Argentina representatives of the l^owor and Middle formations have been announced.* 
The clays aliove the tiiariue platform above referretl to have been studied by Profesaor 
Marsh, who obtained a large seriea of vertebrate remains from them in Wyoming and 
Colorado. He subdivided them into two grou|w: (a) the Bapianodon^hedg at the 
base, so named frotn the genus of large swimming reptiles entombed in them \ (b) thq 
AU^tHtoMnrtis-hftds, of which that gigantic deinosaur is e8f)eciaUy characteristic. The 
discovery of so remarkable a fauna gave a wholly new interest and im|K>rtaiio6 to the 
Jurassic rocks of America. Among remains of tish {CnaUidu»), tortoises, pterodactyles, 
and crocodiliana, there occur the bones of herbivorous deinoeauri (AUanloMaurtUf 
BrvHto$aurM^ Stfi/onaunis, Mor(miurut, Apato$aun(9)f together with the carnivorous 
Crfumurtts ami the curious ostrich -like Lcumunin. With tlds rich and striking 
reptilian fauna are associated the remains of many genera of small mammals named by 
Marsh Allodou, Ctenaeodon, Dryolciiten, Stylacadm, AstMuixion, Laodon, Diplorynodon, 
Docodon [Euneodon], iiemcodon, Tinodon, Trieottodon, Briacodon, Paurodon.* 

Asia.— From Asia Minor and the basin of the Casjiian the Jurassic formations are 
prolonged eastwards through Kui-distan and Persia to Afghanistan and India, reappear- 
ing even in Borneo and .Taiiao. In Afghanistan the Tiiassic series referred to on p. 1107 
is overlain with plant-bearing sandstones and volcanic bands which at their base e>mtaitt 
marine fossils that have lieeii referred to this geological system. Of the groat 

On the Jurassic iauna of Csiw Flora, Franz J(N«pb Lawl, see J. F. Pompecky in Nansen’s 
* Norwegian North Polar Ex|ie<litiott.’ 1893-96, p. 147, and on the flora, Nathorat in same 
volume, p. 26. 

* B. Luudgren, 'Meddelelser om Gruuland,’ six. (1896). 

3 Marsh, Amst. Joum. Bet. iU (1896). p. 488 : vi. (189H\ p. 105. See podga, p. 1210£. 

* Steinmann, Ahtet Jahrb., 1884, !•. 199. 0. Behroiiden, Z. D. O. (J. xiili. (18M), 
p. 809. Ibe latter writer reports Lower and Middle Lim and higher Jurassic beds fronr 
the eastcru slopes of the Argentine Cordilleras. 

* Manb, Amf. Jenm. BcL xv. (1878) p. 459 : xviU. (1879) pp. 60. 215, 896 ; xx. (1680) 
p. 285 ; xxl. (1881) p. 511 : xxxiH (1887), p. 287 ; Onl. Mftg. (1887) pp. 241, 269. The 
IM-water invertebestes are dceerfhsd by C. A. White. B. V,8. 0. S, No. 29 (1886). 
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(londwaiia syHtem of India tlie upper mem1)er« havcd)een likewise paralleled with the 
Jurassic rooks of Europe. Uncoiiformahly above the Patichet group (p. 1107) come the 
Rajmahal dolerites and basalts of Bengal, with associated grey and carbonaceous shales, 
sandstones, and grits, reaching a thickness of at least 2000 feet, of which the sedi- 
mentary intercalations never exceed 100 feet in the aggregate. These strata have 
furnished a large numlwr of terrestrial plants (ferns, cycads, and conifers), which are 
strongly marked otf from those in the liower Oondwana formations, being especially 
distinguished by the great predominance of cycads, jiarticulavly of Jiilophylluui actiH- 
folium. Higher in the series are the iiolapilli beds, which besides land-plants contain 
murine shells {StepheocfruB opi$, Afacrocnphalites, Perun, Gervilfia, NucuUuia^ TrUjotiiu). 
Near Madras also, in the Upi)cr Oondwana series, besides the land-]danta, there occur 
ill -preserved ammonites and other shells. It is in Cntch, however, that marine Jurassic 
formations are best doveloi>ed. In that district lies a series of strata, estimated to Ije 
0300 feet thick, of which the lower half consists of limestones, oolites, shales, and sand- 
stones of marine origin, while the upper half is mostly sandstone, shale, and conglomerate, 
with land-plants. This series has been subdivided into the following grotips in ascend- 
.ing order; (1) Patcham ( Bathoiiian), consisting of (n) lower yellow sandstones and 
limestones with Trigoniaj ( T. roslnfa), Corhuhe, Ac. ; (/>) light grey limestones and sliales 
with (Ecolrauslcs st'rntjcrus. (2) Chari ( -Callovian and part of Oxfordian), composed 
of fotir grotijw, vi/.. ; (c) shales and cahuireons hands with MacrwephalitcB mucrocrphahis, 
M. tuuiidus, Splurrorrraa hullrUunty Oppelux anhcmUthi, Pfn'<phiuctes funatiis ; {d) shales 
with PerisphinclfH obtimcosta ; (c) white limestones with PfKaccraji nthlda, Opptlia 
hiconUUa: {/) oolites with SlfphrAm'ruB Polyphemus, Pcrisphiuctrs iudo- ijevuunivs, 
Peltocerns ardue.uufuae, Ac. (3) Katrol (-part of Oxb)rdian and Kimeridgian) ; 
{g) red tcrrugitious and yellow sandstones with Ulrpheoceras iiuiya, AspiifoerruH 
perarmatumy Padsphindes virgu hides ; {h) sajidstones and shales with Phylloreriis 
ptychoicum, Neumayria tmehynotu, Periaphitutrs torquatrs. (4) llinia (- Portland and 
Tithonian of southern Kuro|»e, and passing up into representatives of tlie Neocomiaii 
formations). Only the lower |Mirt of this group nee<l lioie he quoted. It consists of 
(i) sandstones and congloimsratcs with Prrisphiuctes lUeicheri, P. mprajureusis, P. 
frequrnSy P. denseplU'dlMy Trigonia Smrriy T, reulricosa. Tlic last two fossils liave 
likewise been recognised in strata overlying the Rajmahal gionp, and thus 8Ui>i>ly a 
link to connect the Upis>i' Oondwana locks with the Jurassic series of Cutch. Altogether 
177 speeies of ecphaio|K)ds have l»een obtaiuc<l from these Cutch deposits, of which at 
least .'iO arc common to the Jurassic formations of Europe. It is notiieahle also that 
the Euroiwan ammonite /.ones arc re|H‘ated witR remarkable similaiity in this 
Indian ivgion.‘ 

Jurassic rocks are found in the west half of the Salt Range, but their scqntMioc and 
]»aheontoIogieaI relations have not been workwi out. In the Himalaya chain the fossils 
of the Spiti shah's have long been known, inasmuch as they had ac«iuired a sacred 
character and heeonie objects of commerce.* Tliey indicate the jweseneo in that region 
of Gallnvian and Kimeridgian horizons. The Spiti shales have been recognised to the 
north of the Karakoram miigo in one direction, and in Hazara on the other. Jurassic 
rocks have likewise been ie|>ortc<l from the. north of Nepal. The Jnra.ssic system has 
l>eon i-ecognisod in small detached areas ol Jattaii, and pn’sents thei-e both a marine and 
brackish-water tyi»e. The inaiine strata appear to represent the lower part of the 
system or Lias, for they include siiecies of HaritoceraSy Perisphiuefrs, AridUeSy and 
Mjocerfis^ some of whicli are allied to, if not identical with, European forms, together 
with rriipmin cosUUa and siwcies of fVrcim, Oervillia, Perna, Ac. The land-plants 
(ehielly ferns and cyoails) number about fifty species, nineteen of wdiieh are also found 

' * Manu.al of the (Seology of India,’ 2iid eillt. chaps, vil., viii., and ix. 

* On the JuroKsic formations of the Himalayas ami Central Asia, see S. Nikitin AVwe* 
AuhAy 1889, ii. p. 116. 





^ 0j^fAOMdtjf8 smrm 


U61 


ill the Euroi>e«u Lower .lurasaio eerfes, gucli as Thyrmtms tnurmyrna, IHekmuia 
nepkivearpn, AnpUnium whUityfim, l*teoptei'i» fj-UU, Mlsaouin orUnlaJi», t*iMUcumitrti 
taneeolntus, (Jinkgo <liyU(ttn, Pinns Xardenslrjoldi.^ 

Africa. -.Uuassic rocks have been recognisetl in widely se|taratcHl jiarts of tliis 
continent. The Lias appears in Algeria, where some of its lower bills contain Ctinltnut 
and Spiri/frina Jt^alcofti, while its hi^'lier nieiiiWrs aie lietter develo]>ed and have 
yielded (JmmmocerM rwliatvt, (i. tonrcniae, lu tcrophyi/nitu and other forms - 

Ikthonian formations have been nototl in Abyssinia, in Somaliland, ami mneh 
farthei south in (ajte Colony. They en»ss over into the west si«le of Madagascar. 

Aa8trala8ia.~The existe.uee of Juiassic iwks in thieimsland and wejitein Anstrali.i 
has been demonstrated by the fliscovery of re<‘ogni.s:4bk< .luriissie h]HH‘ics and others 
closely allied to known .Turassie forms, ' In Queensland above the I’ermo-Carlsmiferons 
rocks comes the Hurriim formation, a great series of ciKil-lN aring rocks, w ith Sphrmyttrrt^, 
Thinn fHdvu Alrtho})l^ri<<, TH'nioph'ns, l^odtnttmtea, tUojninft's, Jiaiem, and a few animal 
remains, including species of ('nrhouh and flmitrtiehteuvt (littcdfnrio). This group is 
followed by another .sandy and conglomeialic series with abnmlant ivinains of laml 
plants and workable coals, foiining the valuable Ipswirh formation. Kntm these stiata 
a large flora lias been colhiitod, togethei with cyprids, eideoptera, and f’mo. From the 
plant- renrii ns these two foimations have lieeii grouped as.Iura-Tri is.^ Traces of Jurassic 
rocks have been found in New Caledmiia and the mirtbeni eml of New (ininea 

In New Zealand a ibiek seiies of locks classed as Jur;i.ssie is subilivided by Sir 
J. Hector as follows : ~ 

Mataura serie.s, esluaiine. with teriWiial plantN (8 >pecies kmiwn). 

Piitak.ska ’series, inarNtone^ and .samUtones ]iaN'.ing into eonplonieiates, .nul 
enclosing plant-remains and irregular sc.ini^ of coal ; iiiarnie fo^^lb (1 1 nJummcs 
known) of Middle Oolite tides. 

Flag Uill senes, willi sperms of I{h>/n> hoinltti, TnthmlnJn, Spiii/eiiun, Ae. 

t'atliii’s Itiver and Ristioii series, coii'sislnig in the njiper part ol efingloiiierates 
and grits, with obsenre plant-remanis and in the lower part of s.indstones. 
Fossils alnindaiit (esiR'ciall) uiiiinomtes). and affording means for defining 
horizons. 'I’his division is refeired to the Lias.*’ 

\ somewhat (lilfereiit cla-ssifioation lias lieen puhiislied by Captain Hutton, who 
comprises the.se stiata in his “ Hokanui .system,’ which he estimates to be in tin* 
aoutiierii 1 Kir t of Otago between 20,000 and 2.V)00 lent tliiek, and wliieb be siibdiiides 
into two sectioms, tlie lowei termed tbe “Waiioa senes,” regnnh’d by bun us 'rnassie, 
and the “ Mal.iiira .sciies” altove, puiallelcd by him with tlie .Inrassie tormations of otbei 
countries. Terrestrial plant.s are found all thtoiigb tlie .sjstein, and in the upjM*r part 
thin .seain.s of coal often oceiii, the most eharacteiistie plants beijig s|M*eies «if 
phif/iiiw, PrMhniinufrs, Thuinjfhhti, rtn, and Pn/njifKhinii. The \Viiiir>a seins 

yiehls 'ndnun in, I/tifobio LnmeUi, M'/tifus p,uhh nuificm. and Spin*ti rn If’in/i, 

Ac. ; while the Mataura .series is oliaraelcrised by Aunmnuirg iiovtxHdiuin us, Jlflaii- 
uUes (niklandicvA, li. HuchgUUt ri, 11, inucf'mmHg llamti , Anridin /lirotn.'’ 

Section Hi. Cretaceous. 

The next, ^reat series of geological formations reccivwl the imiiie of 
Cretaceous from the fact that, in north-u'estern Knrojic, one of its most 

* “Outlines of the (Jeology of .lapan,' liy Imp. Ocol. Snrv., Tokjo, 1900, p. 52. • 

2 Ficheur, B, S. f.\ F. (3) xxiv. p. 1142. 

^ Moore, J- *’• N'. xxvi. 261. W. H Clarke, up. r»i. xxiii. 7. K. Klherid^e, jun., 
‘Catalogue of Australian FoksiI*,' 1878. 

^ Jack and Etheridge, ‘Heology and Pabcontology orQueenaland' (1892/, chaps, xxiii.-xxx. 

“ Hector’s ‘ IlandlKi ik of New Zealand,’ p. 31. 

“ Q. J, fr. S., 1885, p. 202 ; Trnnjt. .Vc/r %ptd/md lust, xxxii. (1899) p. 165. 



important members is a thick band of white chalk (a eta). It presents 
very considerable lithological and palaeontological differences as it is 
traced over the world. In particular, the white chalk is almost wholly 
confined to the Anglo- Parisian basin Avhere the system was first studied. 
Probably no contcinijoraneous group of rocks presents more remarkable 
local differences than the Cretaceous system of Europe. These differences 
are the records of an increasing diversity of geographical conditions in 
the history of the Continent. 

5$ 1. (leneral Characters. 

Rocks.* — In the European area, as udll be afterwards pointed out 
in more detail, two tolerably distinct areas of deposit can be recognised, 
each with its own character of sedimentary accumulations, as in the 
case of the Jurassic system already described. The northern tract 
includes Britain, the lowlands of central Europe southwards into Silesia, 
Bohemia, and round the Ardennes into the basin of the Seine. The 
southern region embraces the centre and south of France, the range of 
the Alps, and the basin of the .\le<literranean eastwards into Asia. In 
the northern area, which appeals to have been a basin in great measure 
shut off from free communication with the Atlantic, the deposits are 
largely of a littoral or shallow-water kind. The basement beds, usually 
sands or sandstones, sometimes conglomerates, are to a marked extent 
glauconitic (greensand). The marked diffusion of glauconite, both in 
the sandstones and marls, is one of the distmetivo characters of this 
series of rocks. Another feature is the abundance of .soluble silica 
(sponge-spicules), more particularly in the formation called the Upper 
Greensand, and in the liOwer Chalk of many parts of the south and 
south-east of England and the north of France. In Saxony and Bohemia, 
the Cretaceous system consists chiefly of massive sandstones, which 
appear to have accumulated in a gulf along the southern margin of 
the northern basin. Considerable bands of clay, occurring on different 
platforms among the European (Vetaceous rocks, are often charged 
with fossils, sometimes so well preserved that the pearly nacre of the 
shells remains, in other cases encrusted or replaced by marcasite. 
Alternations of soft sands, clays, and shales, usually more or less 
glauconitic, are of freipiont occurrence in the lower parts of the^ 
system (Neocomian and older Cenomanian). The calcareous strata 
assume sometimes the form of soft marls, which pass into glauconitic 
clays, on the one hand, and into white chalk on the other. The 
white chalk itself is a pulverulent limestone, mainly composed of 
frag^ientary shells and foraminifera.- Its upper part shows layers 

* The nioet detailed iufonuatioii reganliug the iniueralogical and chemical composition 
of the rocks of this system will be found in Cayeux’n monogra)ih cited on p. 106. See also an 
essay by Dr. W. F. Home, '* Chemical and Micro-mineralogical Re^warches on the Upper 
(Vetaceous Zones of the South of England,” London, 1893. 

* For a comparison of chalk with moilem globigerina-ooK^ see Cayenx, as above cited, 
p. 490. 
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>f flints, which are irregular lumps of (fark> coloured, somewhat 
mpure chalcedony, disposed for the most part along the planes 

bedding, but sometimes in strings and veins across them. The 
Sints frequently enclose silicified fossils, es|)ecially sponges, urchins, 
hrachiopods, &c.^ (see pp. 179, 625, 831). The chalk, in some places, 
becomes a hard dull limestone, breaking with a splintery fracture. 
Nodular phosphate of lime or phosphatic chalk, occurring on diflerent 
horizons in the system, is extensively worked in a source of artificial 
manure in the Upper Chalk of Belgium.- It has been found also in 
the north of France, and at Taplow, near Maidenhead, in England.* 
The chalk of Britain and the north of France not infrequently contains 
pebbles and even boulders of granite, quartzite, sandstone, coni, or other 
foreign rocks. Various explanations have been proposed to account for 
these transported materials. On the whole, it seems most prolwiblo that, 
as in the case of the Imulders in the Coal-measures (p. 1016), they were 
originally entangled among the roots of trees which, being swept down by 
flo^s, floated out to sea and dropped their freight of soil and stones to 
the l)ottom.* 

The terrestrial vegetatirm of the jwriod has in different places 

been aggregated into beds of coal. These occur in north western 
Germany among the Wealden deposits, where they are mined for use ; 
also to a trifling extent in the Wealden series of England ; they are 
likewise found in the Cenomanian series of Saxony and the Setionian 
of Magdeburg. The upper Cretaceous (Ijaramie) rocks of the Western 
Territories of the United States consist largely of sandstones and 

conglomerates, among which are numerous important seams of coal. 
Beds of concretionary brown iron-ore are present in the Cretaceous 
series of Hanover, and similar deposits were once worked in the 
English Wealden series. In the southern European basin, where 

the conditions of deposit appear to have been more those of an 

open sea freely communicating with the Atlantic, the most noticeable 
feature is the massiveness, compactness, and persistence of the 
limestones over a vast area. These rocks, often crowded with 
hippuritids, from their extent and organic contents, indicate that, 
during Cretaceous times, the Atlantic stretched across the south ,of 
Europe and north of Africa, far into the heart of Asia, ainl may 
not impossibly have been connected across the north of India with 
the Indian Ocean. 

Life. — The Cretaceous system, both in Europe and North America, 
presents successive platforms on which the land -vegetation of the 
period has been preserved, though most of the strata contain only 
marine organisms. This terrestrial flora jx^sesses a great interest, 

* See W. J. So]Im, Ann. ilag. Nat. vi. (1880), p. 487. 

* Coraet, J. O. S. xlii p. 825. Rensrd et Comet, fiuU. Acad. Hop. Befg. xxi. (1891) 
p. 126. For a recent contribution on this enbject, »ec J. GoMelet, Ann. Soc. QM. Nord. 
XXX. (1901) p. 208. 

* A. Strahw, Q. /. 0. A. xMi. (1891) p. 356. 

^ For the litentnre of this inbject see M. Csyenx’t work above cited, p. 418. 


1164 HT mmRAPmoj^h Qjsvimwpns^^<tt fmin 

for it includes the earliest kno^n progenitors of the abundant 
dicotyledonous angiospemis of the present day. In Europe during 
the earlier part of the Cretaceous period, it appears to have closely 
resembled the vegetation of the previous ages, for the same genera 
of ferns, cycads, and conifers, which formed the Jumssic woodlands, 
are found in the rocks. Vet that angiosperms must have already 
existed is made certain by the sudden appearance of numerous forms 
of that class, at the l»ase of the Upper Cietaceous formations in Siixony 
and Bohemia, whence forms of Almis, Credn^na, Salijj and other 
dicotyledons have been obtained. Similar evidence of the appearance 



Fig. 4-I0.— <*r«*taccoji8 I’lautj*. 

Qiwrcus rliiklaiia (J) ; />, Oliiimnuuiiuin si*/jniiieu»c (j) ; Finw atavina (ij) ; •!, 
recun jita (§) ; r, .Inglaaa arctic* (J). 

of Sn^ifraSy riafanH.^ and many other dicotyledons, in the 

midst of abundant ferns and cycatls, has been obtained from the Lower 
Cretjiceous series of the Spanish peninsula and the United States. Still 
mwe varied and abundant is the flora preserved in the Upper CretJiccous 
formations in Westphalia, from which many species of dicotyledonous 
plants have been obtained, belonging to the genera PopuhiSt MipicAif (Jitercus, 
FienSf Crediiem^ VUmrunmy EimlyptuHf &c., besides algae, ferns, cycads, 
conifers, and vai ious monocotyledons (Fig. 446).' Another rich Cretaceous 

’ Hoditts and Von der Marck, “Die Flora dcr We.stfali8chen Kreidefbrmatioii,’' 
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flora, found in the corresponding beds at Aixda-Chapelle, includes numerous 
ferns {Gleichenuu Lygodium, Ai>}ileniuin, PMdolfimim\ conifers 

{SegmktCmMn(jliamiies)y angiospermSjC'au/intfes, Ihyophyllum, MyriraphyUuw, 
Ficus^ Laurophyllunif and three or four kinds of screw-pine {Pandanusy 
The prevalent forms which give so modern an aspect to this flora, and 
which occur also in Westphalia, have been regarded by some butanists as 
Proteacese, and have even been referred to genera still living in Australin 
or at the Ca^xj of Good Hope. The climate of Europe, at the close of 
the Cretaceous period, was doubtless greatly wanner than that which 
now prevails, and nourished a vegetation like that of some p/irta ol 
Australia or the Cape. Further information has been aflbrded regarding 
the extension of this flora by the discovery in North Greenland of ji 
remarkable series of fossil-plants, of which Heer described neiirly 201 
si)ecics, including more than 40 kinds of ferns, with club-mosses, horsetai! 
reeds, cyciids (Cycr/s, Podo'juniics^ Otozamitf% ZtmUes)^ ginkgoaccie ((Unkgo 
Jiaiem)^ conifers (Juniperm^ Thvyites^ St-quoia^ Ihmuuim, Pinus, \'c.) 
monocotyledons {Anindo, Potamotjeton, tV:c.), and many dicotyledons 
including forms of poplar, myrica, oak, fig, walnut, plane, sassafms, laurel 
cinnamon, ivy, aralia, dogwood, magnolia, eucalyptus, ilex, buckthorn 
cassia, and others.* 

In North America, also, abundant remains of a similar vegetatioi 
Iiave Ixien obtained from the Potomac formation and the CretJiceou 
rocks of the West. The lAiamie group of strata in iMirticnlar ha 
yielded a remarkably large and varied flora. Out of more than 10' 
siKJcies of dicotyledonous angiosjKjrras there found, half arc lelatcd t 
still living American trees. Among them are species of oak, willow 
beech, plane, poplar, maple, hickory, fig, t\dij)*tree, wissafnis, laure 
cinnamon, buckthorn, together with ferns, Ammican palms (saba 
Fkhellaria), conifers, and cycads.^ The Potonuic formation of Virgini 
and Maryknd has a special interest from its age. It is referred wit 
some probability to the Neocomian period, and it had, up to the yej 
1895, yielded about 198 genera and 737 species of plants. These include 
31 genera of ferns, 14 of cyciwls, 34 of conifers, and 8 of monocotyledon 
But besides this assemblage, which is distinctly Mesozoic in characte 
the deposits have furnish^ no fewer than 92 genera and 330 specie 
of dicotyledons. Of these higher forms of vegetation the more peculh 
seem to be what are known as “ gcneraliseil types,” indicating the groj 
antiquity of the flora. But among the genera there are found Arali 
Cinnammum^ Ficus^ liedmtj JleXj Juylam, JuniperuSf Imw'us, Magnd 
(5 species), Myru-<i, Platann.% Qaercii.^, Sulix^ S<mafms\ Vii/umuui 

PttlKontograpkica, xxvi. (1880) p. 125. The total Horn Ueecribed by tbewr obeervere 
luacie up of 85 8p«ciea from tlm Upper anU 20 apecici from the Lower CretaceouM beda. , 

‘ Del)ey ami EttiiigshauMU, IttnkMch, Aktul. IView. xvi. (1859), xvii. (1860). T. \m 
Z. D. (i, <*'. 1890, p. 658. H. vou Dechen, as cited jmaUa, p. 1204’. 

® ‘Flora FoAsilis Arctica,’ vols. vi. and vii. (1882-83). 

^ For a HynopsU of llie Ijiiniinie flora see L. F. Ward, 6lh .Inn. /(fp. UJi. d. X 188 
see also Newberry, ilonogm/tit ^^.\v. C.S. U. S. (1898). 

* W. M. Fontaine, *Th« I’ototiioc or Younger Mesozoic Flora.' Momq. xt. U,!^, O'. 



The known Cretaceous fauna is tolerably extensive. Foraminifera 
now reached an importance as rock-builders which they had never before 





KIg. 447. —Cretaceous ForainiiiiferH. 

a, Gaiulryiim impoidce, D’Orb. ; b, OloblgeHna cretacea, D’Orb. ; r, Cristellaria 
rotulaU, I)*Orb. (all maKnlllwl). 

attained. Their renmins are abundant in the white chalk of the northern 
European liasin, and some of the hard limestones of the southern basin 
are mainly composed of their aggregated 
shells. The glauconite grains of many of 
the greenish strata are the internal casts of 
foraminiferous shells (see pp. 181, 627). 
Some of the more frequent genera are Alveo- 
limiy Jmmmlisnis^ Bulimina^ Calcarim^ Cristeh 
Imia, DhvorUm, (Vohigeniuiy htgena, Margin- 
ttlinay OiihUolina, Polymor'phmi^ BotalUi, and 
7 extularia { Fig. 447).^ liad iolaria have been 
found abundantly in some jmrts of the 
system, but tlieir skeletons appear to be 
liable to alteration when entombed in a silt 
of mixed siliceous and calcareous composi- 
tion, which may account for their dis- 
appearance from strata in which they 
might have been expected to occur!- 
Uepresentatives of the Liosphajrids, Astro- 
spha?rMs, 8tiiurosphcerids, Discoids, Cyrtoids, 
« ^ . a«d Stephoids have been detected in the 

English Cretaceous series. Calcareous Sponges are of frequent 
occurrence as in the genera Peronidella, rorynella, Barrmia, while 
siliceous forms must have 8warme<l on the floor of the Cretaceous 
seas, for their siliceous spicules are abundant, entire individuals are not 
uncommon, and they appear to have mainly contributed to the formation 

<1889) ; L. ¥ Wai-d, IWA Ann. Rep. U.S. S. (1896), pp. 386-893. See also O 
Fejstmautel, Z. A fJ. O'. 1888, p. 27. 

w. T. Rupert Jouh, (M. Mm. 1900 » 
MS ! .1.0 P. Cbapu, /. & 1 . ( 1804 ). p. 726 . TI..for.i»lnif«.of the Ai. U.Cl..^to 

ChiJk an d«crn».l by J. li.b»I, AMamll. Landaamt. N.u. Pol. H.<>T 

W. Hill ami A. J. Jukes-Browne, J, U, & 11 (1896) p. 600. jyi, 

• Mr. W. M. Holme, hmi dewribod 90 graer. ud 41 .pMie. from tlie Upper titttct of 

aulsdon. Snrniv. U J tJ S 1»4 /lonnk .. .iaj o _ 



Fig. 448. -"(.'rutiiCcuuH Spougoa. 

♦, SIphoiHa tuliiw, Zitt. (p; ft, \4«iitil. 
cuiiW dwurreii'j, VHr. tt'nulplicatiis, 
Smith (P. 


- -- — 0 jiuiii uie Upper 4 

Coulmlou. Surrey, y. /. U. S. Iri. (1900) p. 694. See olw tlie work of M. CayVur 
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ol the iBnportAOt Accumulations of flint and chert.* Characteristic siliceous 
genera (Fig. 448) are Siphonia^ C^Uptychium, CommjHtm, Fenlriculifei^ 
Cephaliks, and Plocoscyphia and Stawmenut. Undouhtedly sponges, as 
well as radiolaria, secreted an enormous quantity of silica from the water 
of the C’retaceous sea, and though the flints are certainly not due merely 
to the direct action of these orgiinisms alone, amorphous silica may have 
l)een aggregated by a process of chcniieal elimination round dead s|a)i»ges 
or other organisms (p. 625). Mollusks and urchins have lM‘en completely 
silicifled in the Chalk. 

On the whole, Corals are not abundant in Cretaceous de]M)sits. 
They seem to have been chiefly soliUirv forms, though in the Ahuistncht 
beds of Denmark, the 1‘axoe coradimostone, the Neocomian and 



Fin 44‘.i. I p|i<'i K< 

", GaIenU*H(Erhln«>i’oiuii>) coliifuu, (ial<‘nt.‘n allto n.«li‘rus, I.aiti )(3), Alulll■)l>t*•^ 

oMitiiH (A=^iC<fhiuocoi>i* vulnalus. ■, Mnr.<sl««i cor-annniiium, Klfiii {\). 


Turonian series of France, the Turoniaii rocks of the Alps ami 
Pyrenees, true reefs have been met with, and the corals of Cosau are 
well known. Some of the more cliaracteristic genera arc TrochtryafJms, 
CiiryophyHia, TrochosmiHiU Panusmilui, Minofuma^ Cyclolile,-<, and HohKjpiis. 
Sea-urchins are conspicuous among the fossils of the Cret-iiccous system. 
A few of their genera are also Jurassic, while a not inconsiderable 
number still live in the present ocean. One of the most sinking results 
of modern deep-sea dredging is the tliscovery of so many genera of 
echinoids, either identical with, or very nearly resembling, those of the 

* See on Spouge spiculea, itapera by l^fetuior SoIIoh, .Iw/t. May. Nat. JUM. wt. vi. 
anil memoirs by Dr. G. J. Hiode, ' Kowiil Spongu .Spicules,’ Muuicli. 1880 ; ‘Cat. of Foasil 
Sponger, British Museum,’ 1883 ; Phil. Trana. vol. ehxvi. p. 403, 1880; ‘British FomiiI 
Spouge-s’ Pol. Soc. vol. xl. xli. 1887-88. The sponge spirtiles of the Uppr Cretaceous 
rocks are very generally in the condition of amorphous or colloid silica ; those of the Lower 
Cretaceous are fteqnently of crystalline silica. 
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Cretaceous period, and having thus an unexpectedly antique character.^ 
>Somc of the most abundant and typical Cretaceous genera (Fig. 449) are 
CidaiiSf Orthocidaris, Saknia^ HemcidariSy Pmtdodiadeiruty Cypho^nnUy 
Pchi7i(M:ffphiiSy('Onorlypeusy EchinocyamuSy Galmtes {Echino€Oim)yAnwthopyguSy 
Gollfintegy Aiuinrhytea {Echinoeorys)y Echhiospakujtis {Toxaster)y Holasteiy 
MicnisfeVy llemiankry Jlemipiieustesy Cnrdiastery Ptjfjiir aHy EchinobtimM 
(N nrkoWeH)y Jfisnntkdy Phyinoaoma (Pijithimma). The Crinoids continue to 
)>e loprosented in the Cretaceous system, of which MarsupiteSy UinkicrimiSy 
Phyllocmiufiy and limtrtjuditrims are characteristic. Star-fishes are 
common on some horizons, particularly species of Cnllidernui, PerUagonadny 
and other genera. - 

Polyzoa abound in some parts of the system, especially in the upper 
formations, from which D’Orbigny de.scribcd no fewer than 850 species. 
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KiK. 450 -C’W*tac(!oii» nn«*hiop4XlH. 

I/, IVivUnttula (ainca, Sow. (§) ; b, Lym (Ten-hri rostra) lym. Sow, (-i) ; RhjuclioncUa 
{ilicatlliM, var. octoplicata, .Sow. (jjX 


Some of the more frequent genera are i^eUantiy ihitfchocclUty Menihrnnipordy 
MkfOjwi'iXy Stoimito/HmiyProbomnay BermiceUy Crisiiuty and Entulophora,^ The 
Bmchio|x>ils (hig. 450) are abundantly represented by Khynchoncllids and 
Terebratulids, characteristic types being species of Phtjmhonellay Peregrin- 
elhy Tei'ehntula, Muginty TmlnalulinUy Tereh'Mky Kingemiy Lyra (Tnehi- 
rosira), Trigmiosemua {Fissirostra)y besides representatives of the ancient 
Lingulids, Discinacea, Craniacea, and Thecidiidie. 

Among the most abundant genera of Lamellibranchs * (Fig. 454) are 

* A. Agftsslz, “Report on Echinoiilea.” Challenger Expedition, vol. iii. p. 25. Dr. A. 
W. Rowe has shown the great value of the genus Micraxter for purposes of zonal annuge* 
inent in the Chalk, J. <t. S. Iv. (1899) p. 494. 

* The regular echinnls of the Chalk as fouu«l in North Oerniany are de.scribed by C. 
Schlatjjr, Ahhantil. PrenHs, Ued, Ltatdesanai. Nene Kolg. Heft 6. The Cretaceous 
Astaroidea are descrilasd hy W. P. Slmlen in the volume.^ of the Polftontograph. Soc. 1891 - 
1898. 

* St*e J. W. Gregory, ‘Catalogue of Fossil Bryozoa in tlie British Museum ; The Creta- 
ceous Bryozoa,' 1899. 

* An important contribution to this part of the paleontology of the system is the mono- 
graph by Mr. H. WoodN ‘The Cretaceous Lamelltbranehs of England,’ P(ih:onUygraph, Soc. 
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Exogyra are specially characteristic, but still more so are the^ families of 
Monopleurids, Caprinids, Radiolitids, and Hippuritids. These singular 
forms are entirely confined to the Cretaceous system: their most common 
genera (Fig. 452) being Monopimm, Caprinay Caprinulay Caprotimy 
JiaJioHleHy SphimiiliteSy and HippuriteSy to which may be added the diceratid 
genus Retpiieniii so characteristic of the Lower Cretaceous formations of 
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Fig. 453.— CreUcTOus Cf'plialopods. 

n, Turrllltos cosUtuH, Lam. (J) ; b, Crioceraa Brnwrioi, IJty. (f) ; c, BwulitM ancppN, Uni. (1) : 
dy Acanthoceran rothonugenae, Ilrong. (J) ; t, ScUlocnbnchia variana, Sow. (J). 

Southern Europe. ' Hence, according to present knowledge, the occurrence 
of those families in a limestone suffices to indicate the Cretaceous age of 
the rock. The Gasteropods are represented by the genera PUMroUmanay 
Emaagimlay Solariumy TurbOy TrochuSy D^aniniy Naticay Glauamiay Cerithiumy 
AporrhaiSy StrombtiSy PseiMimy FttsuSy Fasmlariay VoluiUitheSy Olivoy Plewro- 
tomay ComSy Actameihiy AreUatMy and many more. 

1 Fw A study of tbe Rvdistr^y see the Memoir by H. Douvilh*, Mhn. iktr. France 
(3), i. (1890) : ii. (1892). 
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Cephalopoda (Figs. 453455) are abundaut in the Anglo-Pariaian basin 
and thence eastvrai^s, but are comparatively infrequent in the south 
European Cretaceous area. To the geologist, they have a value similar 
to those of the Jurassic system, as distinct species are believed to be 
restricted iii their range to particular horizons, which have by their means 





r il 

Fis. 454.— CrutacacNU Opiulopods. 

a, Ancylocenui matlieronUoutn, D'Orb. (J); b, llHUitM att«no»tuii, So«. (J> ; , 

e, Uftuitea bitubercuUt4u, D'Urb. ; d, Kca|thitM »r|uall«, How. 


been identified from district to district. To the student of the history 
of life, they have a special interest, as they include the last of the pwt 
Mesoaoic tribes of the Ammonites and Belemnites. These organisms 
continue abundant up to the top of the Cretaceous system, a^ then 
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disappear from the European geological record.^ Cephalopodous life, 
though manifestly on the decline, was still displayed in many varied 
types in the Cretaceous seas. It included some old Ammonite genera 
such as Phyllocrras and Ifaploceras^ some of which had continued from older 
Jurassic time, A remarkable feature in the Cretaceous types is the 
number of uncoiled or irregularly coiled forms which now make their 
appearance. Those singular shapes are regarded by some naturalists as 
evidences of degeneration, due perhaps to some widespread geographical 
conditions unfavourable to the further advance of ammonoid development, 
by other writers as indications of the senility of the race. They are not 
made the basis of classification, which is now founded mainly on the 
))ec\iliarities of the sutures and saddles. The same family may thus 
include ordinary coiled .and uncoiled or even straight forms, and the same 



— I'piMfr I’H'UffOUH CVplmloiHxN. 

fi, Actlnoctunax plonu* (fornuTly Hi>l«*iuiut*‘lla (ilHim), Hlamv. (J) ; b, BehMuuitellR muerbnatn. 
N’liluth. (i) ; c, NautihiH dniucu>, Ht-hlotli. (i)» 


shell may bo a normal ammonite in its earlier life and more or less 
completely uncoiled in its later stages. Some of these curious aberrations 
from the normal ammonoid type are represented in Figs. 453 and 454. 
Characteristic and peculiar Cretaceous Tetrabranchiates are Tetragonites^ 
Smphiies^ Ftychocmi^j MncroscaphiteSy BaciUites^ Uoplites^ Sphetwdisemy 
PUiceniiceraSf DcnuHlkirmut^ Acantiweerasy HamiteSy AnisoceraSy TurriliteSy 
AncgloceraSy CnoceraSy MammiieSy FeimiceraSy PrionotropiSy J^hlcenbachMy 

’ No abrupt dUoppearauco of a wbol« widely -iliifuBed fauna probably ever took place. 
The cestntion of Ammonites with the Cretaceous system in Europe cau only mean that in this 
area then^ intervened between the deposition of the Cretaceons and Tertiary strata a long 
interval, marked by such physical revolutions as to extir()ate Ammonites from that region. 
That the tribe continued elsewhere to live on into Tertiary time appears to l)e proved by the 
iK'Cun'ence of some Ammonite remains in the oldest Tertiary beds of California. A. Heilprin, 
* Contributions to the Tertiary Oeolc^y and Palwontology of the Unite«l States,’ Philadelphia, 
lft84, p. 102. 
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Tusotia. The dibranchiate Cephalopoda are represented by species of 
ffelenmites, Belmniielia^ Aclintmuuu (Upper Cretaceous), HfUmnotevihu^ 
and Mfinosejm. 

Vertebrate remains have been obuiued in some numlicr from the 
Cretaceous rocks. Fish are represciitotl by scatteretl teeth, scales, or 
l>ones, sometimes by more entire skeletons. Amotig the Elasmobntnrh 
genera are PtycJuxiu.% AcraduSt lAiintuty 0.njrhtn(iy and Uemipristis. 

The ganoids include J%>lithtru^^ GyrtAu.'i, Ijfpidotus^ Amioysts 

atid others. But the most noudde a.sj>oct of the fish fatina of the 
Cretaceous seas was the marked predominance of forms that jmsscssed 
a completely ossifie^l internal skeleton. These types, the ancestors of the 
ordinary tcleostean tribes of the present day, l>egan their existence in the 
Lias.sic period, perhaps even earlier. The most imjmrtant primitive 
families among them were the Klopida* {ICIofuy.'ds^ (hjufiotdcs, rucJunhiuHiiis) 
and the IchlliycKlectidje, represented by the getiera khthjodecU'^^ JWtht'UH, 
Gladticf/rlus^ S(inr<Ami^ and others. Among the nuHlern families which can 
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l>c traced back into the Cretaceous jieriod arc those of the herrings or 
('lupei<la' {hijilnmifstus), the eels or Murauiida* (f'rrurhrhfs), the sea-brciiiiiH 
or S[jarida*, and the Iknycida*, wliich ap{)ear in a numl)cr of genera 
{Sjfhenoi'rphnht.'i, ArriHjashr, Pffciwsfnin.r, llttploykry/^ Fig. I5G, IIomoruAus). 
Other types are Plntyctninvs, UnyropsUy Aip'uhthysy Panolirhfhys, Enclmhis.^ 
Iteptilian life has not been so abumlantly preserved in the Ootuccons 
as in the Jurassic system, nor arc the forms so varied. In the Etirr>peaii 
area the remains of Cheloni.ans of seversd genera {(JhHone, Jlhimr/iAys) 
have been recovered. The last of the trilw of dcinasaucs died out 
towards the close of the Cretaceous j>crio<l. Among the Cretaceous 
forms of this order arc the ^feg(domurv^i and Ormfhoj)>vt^ which Miivivcd 
from Jurassic time; other genera are Arauiliopltolia^ Ifylsm.^aurvs, IIijiiaUo^ 
phodon, PolarantliiUif TitamsimruA, JWfimurvs. Jyummlon is the most 
familiar type among them (Fig. 457), some of its teeth and bones having 
been first found many years ago in the Wenklcn series of Sussex, while in 

* A. 8. Woodwanl’s 'Catalogue of F*mil Fishes' (Briti*h Mancniu), Part IV. 1901 




recent years, almost entire skeletons have been disinterred from the ancient 
alluvium filling up ravines or valleys of the Cretaceous period in Belgium. 



Its osteology is accordingly now well known. Like other deinosaurs, 
it had many affinities with binls. Palieontologists have differed in opinion 
as to whether it walked on all fours or erect, M. Dollo, who has had 
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tbe advantage of working out the structure of the wonderfully perfect 
Belgian specimens, believes that the animal moved on its hind legs, which 
are disproportionately longer tlian the fore ones. Its powerful tail 
obviously served as an organ of propulsion in the water, and likewise to 
l)alanoc the creature as it walked. Its strange fore-limbs, armed with 
spurs on the digits, doubtless enabled it to defend itself from its car- 
nivorous congenere ; it was itself herbivoroua' Among Cretaceous rocks 
the order of Squamata (lizards) is represented by Cdwtosauiiw, DoUchoMurus^ 
and Leiodon. The gigantic Mosasaums, placed among lacertilians by Owen, 
but among “ ])y thonomorphs by Cope, is estimated to have had a length 
of 75 feet, and Wius furnished with iin-like paddles, by which it moved 
through the water. True crocodiles frequented the rivers of the i)eriod, 
for the remains of several genera have been recognised (Goniopholis^ Pholido- 
situms, Ifetemiu'hus, Suciwsaurus). The ichthyosaurs, represented by 
Irhthyofkiiirus^ and plesiosaurs (Cinmliomurm^ Pofyptychodon) were still to be 
seen in the CVetaceous seas of Europe. The pterosaurs likewise con- 
tinued to be inhabi Units of the land, for the bones of several species of 
pterodactyle have been found {OruUIuH-heims, PtminmUm). These remains 
are usually met with in scattered Ikuics, only foun<l at rare intervals and 
wide apart. In a few places, however, reptilian remains have been dis- 
interred in such nuinliers from local deposits as to show how much more 
knowledge may yet be acipiired from the fortunate discovery of other 
similar accumulations. One of the most remarkable of those exceptional 
deposits is the hard clay a)>ove referred to as filling up some deep valley- 
shaped depressions in the Carboniferous rocks near Rernissart in Belgium, 
and w'hich has been unexpectedly encountered at a depth of more than 
1000 feet below the surface in mining for coal. These precipitous defiles 
were evidently valleys in Cretaceous times, in which fine silt accumulated, 
and wherein carctises of the re})tilo8 of the time were quietly covered up 
and preserved, together with remains of the river chelonians and fishes, 
as well as of the ferns that grew on the cliffs overhead. Those deposits 
have remained undisturbed under the ileep cover of later rocks.* Again, 
from the ao callod “C,ambridgo Greensand ’’—a bed about 1 foot thick 
lying at the base of the Chalk of Cambridge, and largely worked for the 
phosphate of lime which is supplied by phospliatic nodules and phosphated 
fossils — there have been exhumed the remains of several chelonians, the 
great dcinosaur AcanthopfwliSf several species of Plesiosaurs (Cimoli/muruK^ 
Polyptychodon)^ 5 or 6 species of IrMhyomimut, 10 sj^ecies of OniUhof keiru't 
— from the size of a pigeon upwards, one of them having a spread of 
wing amounting to 25 feet, — a crocodilian, and some others. From the 
same limited horizon also the bones of at least two species of birds 
(Emliornu) have been obtained. 

The most astonishing additions to our knowledge of •ancient 
reptilian life have been made from the Cretaceous rocks of western 


‘ Manteirt * Illastratioos of the Geotogjr of Sussex, ' 1827. Dollo, BuU. Mus. Rxtj, 
IMgiqw., ii. (1888). Amu Scu Ofol, xvi. (1888) No. 6. 

’ £. Dupont. Bvil. Acad. Roy. Bdg. 2* wr. xlvi. (1878) p. 387. E. Van den Broeck, 
Soc. Belg. Ofol. 1898. and podm, p. 1198. 
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North America, chiefly l)y Professors Leidy, Marsh, and Cope.^ Accord- 
ing to an enumeration made some years agg by Cope, but which is ^ 
now below the truth, there were known 18 species of deinosaurs, 4 
pterosaurs, 14 crocodilians, 13 sauropterygians or sea-saurians, 48 
testudinatcs (turtles, <^'c.), and 50 pythonomorphs or sea-serpents. One 
of the most extraordinary of reptilian types was the Elamosaums — a 
huge snake-like form 40 feet long, with slim arrow-shaped head on a 
swan-like neck rising 20 feet out of the water. This formidable sea- 
monster “prol)ably often swam many feet l)elow the surface, raising 
the heiul to the distant air for a breath, then withdrawing it and explor- 
ing the depths 40 feet below without altering the position of its body. 

It must have wandered far from land, and that many kinds of Ashes 
formed its food is shown by the teeth and scales found in the position of 
its stomach” (Cope). The real rulers of the American Cretaceous 
waters were the pythonomorphic saurians or sea-serpents, in which 
group Cope includes forms like Mos(murus, whereof more than 40 species 
have been discovered. Some of them attained a length of 75 feet or 
more. They possessed a remarkable elongation of form, particularly in 
the tail ; their heads were large, flat, and conic, with eyes directed partly 
upwards. They swam by means of two pairs of ])addles, like the 
flippers of the whale, and the col-like strokes of their flattened tail. 
Like snakes, they had four rows of formidable teeth on the roof of the 
mouth, which served as weapons for seizing their prey. But the most 
remarkable feature in these creatures was the unique arrrangement for 
permitting them to swallow their prey entire, in the manner of snakes. 
Kaeh half of the lower jaw was articulated at a point nearly midway 
between the car and the chin, so as greiitly to widen the space between 
the jaws, and the throat must, consequently, have been loose and baggy 
like a pelican’s. The deinosaurs were likewise well represented on the 
shores of the American waters. Among the known forms are Trachodon 
{Ha^humums), a kangaroo-like creature resembling the Igmnodm, jind 
about 28 feet long ; Dicloniu.% a closely allied, perhaps identical, form 
with a hird-liko head and spatiilate beak, probably frequenting the lakes 
and wading there for succulent vegetable food, interesting from its 
occurrence in the Laramie group of beds at the very close of the 
Cretaceous series; and Lvlapa, which probably also walked erect, and 
resembled the Megalomtrus, Still more gigantic was the allied Ornitho- 
/(«ms which is supposed to have had a length of 35 feet. There were 
also in later Cretaceous time strange homed deinosaurs such as 
( *mitops which, attaining a length of 25 or 30 feet, had a massive body, 
a pair of large and powerful horns, and a peculiar dermal armour. 
Akin to it wore various deinosaurs united in the genus Triceratops^ so 
nameef from the third rhinoceros-like nasal horn. Some of their skulls 
exceeded 6 feet in length, exclusive of the horny beak, and 4 feet in 

* Leidy, SmitliMut, Contrib. 1865, No. 192 ; Rqt. U.S. Qeol, awi Geograph. S/urvey qf 
Territories, vol. i. (1873). Cop«, Rep. U.S. Oeol. and Oeograph. Survey of Territories, 
vol. ii. (1876); Atner. Naturalistf 1878 a soq. Marsh, Amer. Jaum. Science, numerous 
pai>era in 3rd series, vols. 
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vidth, with horn*core8 about 3 feet long. Claasaurus was another 
gigantic deinosaur not unlike the Iguan^dotij with remarkably small 
fore-limbs compared with the massive hind legs.' 1'terosaui‘s have like- 



PiR. VtS. - Cn'Ui'fHxiH Hinl.*-! 

Uc«p«*romlH M»r»li (,*„). 

w'ise been obtained characterised by an absence of teeth {Pf^ranodon)^ 
and some of which had a spread of wing of 20 to 25 fcet.^ Among the 

^ Marsh, on Cretaceons Deinosaurs, op. cil. xxxvi. (1888) xxxviii. xxxix. xli. xlii. 
xliv. xlv. (1803). In these t>apers some restorations of the extinct creatures are attempted. 

^ The figure of this restoration and that in Fig. 4.^)0 were supplied to the author by the 
late Professor Marsh. 

' * Marsh, on American Cretaceous Pterodactyles, Joum. Sci. i, (1871) iii. xi. 

xii. xxi. xxviL (1884). 




Cbelonians one gigantic species is supposed to have measured upwards of 
15 feet between the tips of the flippers. 

The remains of birds have Wn met with both in Europe and in 
America among Cretaceous rocks. From the Cambridge Greensand) as 
above noticed, bones of at least two species, referred to the genus EnaliomiSy 



Fij?. 45l».— Cretac«> 0 UH Binl. 
IclitliyorniM victor. Marsh (i). 


have been obtained. These creatures are regarded by Professor Seeley 
as having osteological characters that place them with the existing 
natatorial birds.' From the American Cretaceous rocks nine genera and 
twenty species, represented by the remains of about 120 individuals, 
have been obtained. Among these by far the most remarkable are the 
> J, G, S, 1876, p. 496. 
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Odontornitbes, or toothed birds, frOm the Cretaceous bods of Kansas. 
Professor Marsh, who described these wonderfully preserved forms, 
pointed out the interesting evidence they furnUlt of a reptilian ancestry.' 
In the most important and indeed unique genus, named by him 
ffesperomis (Fig. 458), the jaws were furnished with teeth implanted in 
a common alveolar groove, as in Ichthyosaurus : the wings were 
rudimentary or aborted, so that locomotion must have been entirely 
performed by the powerful hind limbs, with the aid of a broad, flat, 
beaver-like tail, which no doubt materially helped in steering the 
creature through the water. It must have been an admirable diver. 
Its long flexible neck and powerful toothed jaws would enable it to catch 
the most agile fish, while, as the lower jaws wore united in front only 
by cartilage, as in serpents, and had on each side a joint that admitted 
of some motion, it had the power of swallowing almost any size of prey. 
Hegperftrnis regalis^ the type species, must have mwisured about 6 feet 
from the point of the bill to the tip of the tail, and presented some 
resemblance to an ostrich. Of the other genera, Ichthymnh (Fig. 459) 
and .ipahniL'^ were distinguished by some ty]»es of structure pointing 
backward to a very lowly ancestry. They ap|)ear to have l>een snwill, 
tern-likt* birds, with powerful wings but small legs and feet. They 
{assessed reptile-like skulls, with teeth set in sockets, but their vertebraj 
were bi concave, like those of fishes. There were likewise forms which 
have been grouped iu the geuera (Jracvljenis, l\ilxntringa^ and 

Talmatnnm. Altogether the earliest known birds presemt characters of 
strong affinity with the Deinosaurs and Ptertxhictyles.''^ 

Though mammalian remains hml long been known to occur in the 
Triassic and .l\u-a.s.sic formations, none had been obUvined from ( ‘retacoous 
rocks, and this absence was all the more remarkable from the great 
abundance and perfect preservation of the reptilian forms in these rocks. 
But the blank was eventually filled by the remarkable discovery in the 
Upper Cretaceous rocks of Dakota and Wyoming of a large series of 
jaws, teeth, and different parts of the skeletons of small mammals l)olonging 
to many individuals, and including not a few genera an<l 8}>ecies. They 
were found iissociated with remains of deinosaurs, crocodiles, turtles, 
ganoid fishes, and invertebrate fossils indicating brackish or fresh water 
conditions. The mammalian forms show close affinities to the Triassic 
and Juras.sic types. There are several distinct genera of small marsu- 
pials, others seem to be allied to the monotrenies, but there are no 
carnivores, ‘rodents, or ungulates. The genera pro[>osed for them by 
Professor Marsh are (Hmolwhmy NawmjfSy JJipriodon, Tri^rriodim, 

Sdenacodotir Camptomtia, Dryolntes, Jiidelphcps^ Cimolfsffs^ Pfdumys^ 

StagodoHy Platacodony Orncodon, and A llofodm? More recently the discovery 

• 

* ' Odontornithe*,' being voL i. of Memoin qf Peabody Museum qf Vole College, and 
also vol. vii. of Geol. JExjior. iOth ParaUel; “Birdt with Teeth,” Rrp, V,S. a. 1881- 
1882, p. 45 ; Atner. Joum. Sei. iil (1897;, on the affinitiefi of Hupe.romis. 

* See Mar»h, U.S, G. A Report, 1881-82, p. 88. 

’ Marsh. Jo(<r. Joum. Sci. xxxviii. (1889), pp. 81, 177 ; xliii. (1892), p. 249. Home 
of Marsh's genera are regarded by Prof. Osborn as having i)een pre-rianied by (;ope. Thus 
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of a fingle small tooth in the Wealden series of Hastings was the first trace 
of mammalian life found in the Cretaceous formations of Europe. The 
specimen has been provisionally referred to the Purbeckian genus 
Plagiaulox} 


§ 2. Local Development. 

The Cretaceoiu) Hyatom, in many detaohed areas, covers a largo extent of Europe, 
and includes records not only of former seas but of lakes, rivers, and dry lands. From 
the aouth-west of England it apreada acrosa the north of France, up to the base of the. 
ancient central plateau of that country. Eastwards it ranges beneath the Tertiary 
and post-Tertiary deposits of the great plain, appearing on the north side at the southern 
end of Scandinavia and in Denmark, on the south side in Belgium and Hanover, round 
the flanka of the Harx, in Bohemia and Poland, eastwards into Russia, where it covers 
many thousand square miles, up to the southern end of the Ural chain. To the south 
of the central axis in France, it underlies the great ba.sin of tlie Garonne, flanka the 
chain of the Pyrenees on both sides, spreads out largely over the eastern side of the 
Spanish tableland, and reappears on the west side of the crystalline axis of that region 
along the coast of Portugal. It is seen at intervals along the north aiid south fronts of 
the Alps, extending down the valley of the Rhone to the Mediterranean, ranging along 
the chain of the A{)enniuea into Sicily and the north of Africa, and widening out from 
the eastern shores of the Adriatic through Greece, and along the northern base of the 
Balkans to the Black Sea, round the southern shores of which it losses in its progress 
into Asia, where it again covers an enormous area. 

Nor is the system leas |>romiiient in the New World. In North America it spreads 
over enormous tracts of country and displays, on a still greater scale, the same wide 
variety of sediments as in Euroi»e. It runs along the (‘astern margin of the United 
States, rising frotn \nidor the Tertiary formations as a narrow strip which sweeps round 
the southern end of the long Alleghany chain into Alabama, Missi.ssip})!, and Tennessee, 
On the western side of the Missi.ssippi valley it .spreads over Texas and southwards over 
most of Mexico. In the interior, farther north, it extends over the sites of what were 
probably vast sheets of fresh water, while on the Pacific slope it is largely develoj)ed in a 
thick series of formations which stretch northwards into British Columbia. 

While there is snIVieieut iialieontologieal similarity to allow a general [(arnllelism to 
be drawn aniong the Cretaceous roc-ks of west(;rn Eurofw, there are y(;t strongly marked 
differences pointing to very distinct conditions of life, and probably, in many cases, to 
disconnected areas of dojwsit. Having regard to these geographical variations, a 
distinct northern and southern province, as above stated (p. 1162), can be recognised ; 
but Giimbel has pro|)o.sed a further grouping into three great regions : (1) the northern 
province, or area of White Chalk with Bekmnitdla, comprising England, northern 
France, Belgium, Denmark, Westphalia, &c. ; (2) the Hercyniau province, or area of 
Exogyra embracing Bohemia, Moravia, Saxony, Silesia, and Central Bavaria ; 

and (3) the southern province, or area of Hippurites, including the regions of France 
south of the liasin of the Seine, the Alps, and southern Europe.’-* 

Britain. “"The Purbeck ImmIs (p. 1146) bring before us evidence of a great change in 

Marsh’s Ciiitnlmys is said to Im* Cope’s Ptilodm, and hi.s IHpriodon Cope’s MeuiscoSitmix. 
“Upjftr Cretaceous Mammals,” JiuU, Anier. Mus, Nat, Hist, v. (1893), p. 314. 

* A. Smith Woodward, Nature^ xlv. (1891), p. 164. 

** ‘ Oeogqoat. Beschreib, Ostbayer. Grenrgebirg.' 

* Consult Conylieare and Phillips, ‘Geology of England and Wales,' 1822. Fitton, Ann. 
Philos. 2nd ser. viii. 879 ; Tmns. Orol. Soc, 2nd. ser. iv. 103. Dixon’s ‘Geology of Sussex,’ 
edit T. Rupert Jones, 1878. Phillips’s ‘Geol<^y of Oxford and the Thames Valley.’ H. 
B. Wooilwanl’s ‘Geology ot England and Woles,’ '2ml edit. H. W. Bristow’s ‘ The Isle of 
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the gMgrftphy of England towards the close of the Jurassic period. They sliow how 
the floor of the sea, in which the thick and varied formations of that )Hmod were 
deposited, came to be gradually elevated, and how into pools of fresh and brackish water 
the leaves, insects, and small marsupials of the adjacent land were washed down. 
These evidences of terrestrial conditions are followed in the same region by a vast delta 
formation, that of the Weald, which accumulated over the south of England, while 
marine strata were being deposited in the north. Hence two tyj*es of Ixiwer Cretaceous 
sedimeiitatioit occur, one where the strata are fluviatile (Wealden), the other where they 
are marine (Neocomian). The Upper Cretaceous groups, extending coutijuiously fiom 
the coasts of Dorsetshire to those of Yorkshire, show that the diversities of swlimctjta- 
tion in Lower Cretaceous time were effaced by a general submergence of the whole area 
beneath the sea in which the Chalk was deposited. Arranged in deseending order, the 
following are the subdivisions of the English Cretaceous rocks d - 

Wight,’ 2nd edit. l»y C, Reid and A, Stralian {Mfttu ^V«/. Svrv.). A. Stralmn's ‘The Isle of 
Purbeck’ {Mem. Surv.). A. J. Jukes-Browiio ami W. IIiH, “J’he Cretaeeons Itocks of 
Britain,' vol. i. (lault and Upfier Greensand (Metn. Heol. Sin v.). Special papers on the 
English Cretaceous formations are quoted in subseipient footnotes. 

Refertyiee may here be made to the important memoir of A. dc (brnsouvre, which «leals 
with the Chalk of all the world, “ Keeherclies sur la Craie Superieure,” 2 voB. Mem. Kt/Aic. 
(?orte Fmvee, 1901. 

* For an explanation of the terms in the central column of this table see the footnotes 
on snbseriuent pages. 



Englith BtratffrapAical SubdiviiUnu. 

UrPieB CRBTACKOUg. 
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Clmlk of Triniliig>i«m 

Cliallc of Norwich, Htudland itay . 

CJjalk of Newhaven .... 


Chalk of Brighton, Margate, Bridlington, 
Maliabiiry 


Chalk of Bniodatalrs, Flainlwrough Head 
Chalk of Dover 


Zone*. 


Dauiaii, wanting. 


I' 

il 


'Si 

“s 


Hard nodular Chalk of [)over, Ac., 
“Chalk Buck ’’ .... 


Chalk without fltntn, Dover, . 


Nodular Chalk of Hhakea{Huiro'H Clitf, Ac., 
“ Mrlboiiru Hock ” ... 


flrcy Chalk of Folkatone, Ac., Tottcni- 
hoe Wtoiie .... 


‘Chloritlc Marl,” llluuronitlc Marl and < 
Ciituhridge Greensand ... I 


Wamdaster beds, Ac. 


Upper Gault, Blackdowu bods, Ac. 
Red Chalk of Norfolk . 

TiOwer Gault . . 


liOWKK CHKTAC£01T.S. 


Southern Tjfpe, 
(Fluviatile, and in upper 
liHit iiiaiinu.) 


8audg, clay.s, lime* 
aUmea, Ac., in 
Kent, Murrey, Sue- 


sU 

Q £ I Kent, Murrey, Mini 


Weald Clay. 


lAatinga Manda and ! 
olaya, pagslng , 
down into Pur* 
beck bed*. 

I 


Soithrrn Tifpr.t 
(Marine.) 

Below the Red 
Clialk,at Mpeeton, 
on the Yorkahire 
coast, clay* ami 
maria, in appar- 
ently contumuuH 
aequunce, ihum 
down into Neo- 
coininn clays and 
shales (M}>eetou 
tday), which are 
les,-* than 300 feet 
thick, and shade 
down into Kim- 
erhigeClay. They 
are grouped 
ill four zones. 
Their upper Mr* 
tions are ei|uiva* 
lent to the Car- 
stone and Teal by 
liniestoneandclay 
of Lincolnshire, 
ami their lower 
parts to the 
Claxby Ironstone 
and Spilsby Sand- 
stone. 


Zone of BrUmnitcUa vmcronata. 

Zone of Artirweanutx qvadratug 

^ „ ( Upper part wltli Mar- 

/one of Mannipitrg | inipttfg. 
tfitHdinarlua. 'j Lower jiart with Uinta- 
\ erinut. 

Zone of Micituter eor'unguinim. 

,, M. car-trMiulinarium. 

Zone of Holugtei' planua. 

„ Trrebratulina lutti (t/iai'ilis), 

„ Itkynrh&nella Cuvier i. 


Zone of HolnHer subgloboswt with /ic/iaucaniaji 
pleniix In the upiier beils. 

Zone of Schleentmchia varians. 


Zone of PrcUn a^jirr 
siiriiia. 


and Co.riliaKtar foh- 


Srhla nharli ia rvstraUt. 

HopliUa li’utug and //. intrrrvptug. 
Do u I'iUeirmtf vut m uiillaiu »» . 


4. Zone of HrhtnnUeH mitiiinug, passage marls 
into base of Upper Cretaceous seriuN. 


3. Zone of BeUnnnUea brviisvicensii (=aemicaaa- 
liculatug) with B. gveetoturuig, atuoluti- 
/onnlM, Jagikowi, oUutirogtrig, Rojdxtn 
Dtghuyrgi'u Amxltheus bicurvutun. 


2. Zone of Betemnitrg jaculum, with B. Jaaihovn, 
i'listtUiig, Olcogtephanva Astieri, atUcoaug, 
i.ubinveT$\u, Paytrl, concianiw, npettoneruig, 
umbonatug, HopllUg regalu, amUj/gonius. 


|1. Zone of Beltmnita UUerxdit, with B. rusriemii, 
Buhqmdratvg, explanatoides, (Hewtepkatim 
(numerous species, including gratwsUbrmit, 
pofypfichus, rotMta), HoptUer, Oxynotieerva. 


. ‘ S®® 9- LwnPl”*?. W. J- U. S. xlv. (1889), p. 5T5, Hi, (ISJW, p. 179 ; Brit. A$$oe. (1890) p. 808 ; 
' ArgUee de Speeton et leura AqulvalenU,’ by A. AyIow and 0. W. Lunplogh in BuU. Soe. imp. Nat. 
Mcaeau, 1891, Q. J. Q. S. lUl. p. 841 
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Lowsb Cbbtaobous (Nbocomian ‘).~-Betw<3en the top of the Jurassic system and 
ihe stage known .os the Gault, these occurs an important series of de{)Osit8 to which, 
from their great development in the neighbourhcx^ of Neuch&tel in Switzerland, the 
name of Keocoraiau has been given. This series, os already remarked, is represented in 
England by two distinct types of strata. In the southern counties, from the Isle of 
Porbeck to the coast of Kent, there occurs a thick series of fresh-wator sAn<ls and clays 
termed the Weolden series. These strata pass up into a minor marine group known as 
the Lower Greensand, in which some of the characteristic fossils of the Upper Neooomian 
rocks occur. The Wealden beds of England therefore form a fluviatilo equivalent of 
the continental Noocomian formations, while the Lower Greensand represents the later 
marginal deposits of the Neocomian sea, which gradually usur()eil the place of the Wealden 
estuary. The second type, seen in the tract of country extending from Lincolnshire into 
Yorkshire, contains the deposits of decider water, forming the westward extension of an 
important series of marine formations which stretch fur u loiigw'ay into Central Kurop. 

Neocomian.^ — The marine Neocomian strata of England are well exposed on the 
cliffs of the Yorkshire coast at Filey, where they occur in an argillaceous deposit long 
known as the SjKietou Glay. This defMsit is now show'n to contain an intei'esting 
continuous section of marine strata from the Kimcridge Clay to the top of tlie Low'er 
Cretaceous, or even into the Upper Cietaceons series. It ha.s been carefully stuilied by 
Mr. Lamplugh and by Professor.s Pavlow and Nikitin, by whom it has been brought 
into comparison with the Neocomian rocks of Russia. The lower part of the Sjieeton 
Clay consists of hard dark bituminous shales with large septarian nodules and many 
crushed fossils, including species of Perisphiiictrs, OlcosUphtiniat, JicUmnites, Liiigula 
ovalis, Ifischui lalimnia, Ostrm yibbosa, Luclm nuniiscula^ &c. These strata 
are referred to the higher part of the Kimeridgo Clay. They Are siioceeded conformably 
by the zone of BeUmnUea ItUeraliSy consisting of dark, pale, and banded clays with the 
fossils mentioned in the foregoing table. At the base of the zone lies a “coprolite 
bed,” and its top is taken at a “compound nodular l)cd”rich in fossils. The total 
thickness of this zone is about 34 feet. “ It bridges over the sjuice l>etween undoubtedly 
Jurassic and undoubtedly Cretaceous strata,” It is overlain by the rone of JtelcmniUs 
jaculuin^ consisting likewise of various <lark and 8tri|»ed clays and hands of nodules, the 
whole having a thickness of about 12.^» feet. The characteristic belemnite ranges 
through 120 feet of the section with hardly any trace of another si)ecie8. Olcostephajius 
{Astieria) Astieri occurs in the lower part of the zone, 0. {Simbirni-iteit) inversus and 
Payeri in the centre and 0. (Simbirskites) tpcrloimibis towards the to}(. An interesting 
paheoutological feature in this zona is the ocurronce of abundant tests of Eckino- 
wpatagw cordiformis, a highly characteristic Neocomian tyjKJ. The zone of BelemniieH 
hrunsvicen3:is is seldom seen in complete section, owing to the slipping of the cliffs and 
the detritus on the foreshore. It consists of daik clays 100 feet thick or more. Above 
it a few feet of mottled green or yellow clays form the top of the Speetoii clay. These 
strata compo.se the zone of Belemniles minimut>, and contain also Inoceramus con- 
eentricus, /. aulcatns, &c. Some of their fossils are found in the Gault, and they may 
thus represent here the Lower Gault, while the Red Chalk almve may he the equivalent 
of the Upper Gault.* 

* Neocomian, from Neocomum, the old name of Neuchatel in Switzerland. 

* Fitton, Trans. Oeol. Soc. 2nd. ser. iv. (1837), p. 103 ; Proe. Oeol. iv, pp. 19H, 208 ; 
Q. J. G. 8. i. Consult on marine Neocomian ty]ie Young and Bird, 'Survey of the 
Yorkshire Coast’ (1828), 2nd edit. pp. 58-64. J. Phillips, 'Geology of Yorkshire,' p. 124. 
J. Leckenby, Qeologisi, ii. (1869), p. 9.' Bristow’s ' Isle of Wight,’ 2nd edit, cited on p. 1180; 
Judd, Q. J. G. S. xxiv. (1868) 218 ; xxvi. 326 ; xxvii. 207 ; Owl. Mag. vii. 220. C. J. A. 
Meyw, Q. J. G. 8. xxviii. 243 ; xxix. 70. A. Slrahan, op. cU. xlii. (1886) p. 486 ; Man. 
Qwl. Sun. sheet 84, and the ' Isle of Purbeck,’ cited on p. 1181. 

* O. W. Lamplugh, papers cited t>n p. 1182 ; and A. Pavlow, <^. J. G. 8. Hi. (1896), p. 642. 
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In Linoolnfihire the marine Neooomian eerie* ie likewise developed. Bieing to the 
surface from beneath the Chalk, the highest and lowest strata are chiefly sand and 
sandstone ; the middle portion (Tealby series) clays and oolitic ironstones. According 
to Mr. Lamplugh, ti>o Spilsby Sandstone and the Claxby Ironstone of this county, 
forming the base of the Neocoinian series and resting on Upper Kimeridge shales, are 
equivalents of the zone of Belcmnitea laUralU at S()eeton. The Tealby Clay, which 
overlies them, is regarded as representing the zone of B. jaculum, the Tealby Limestone 
the zone of B. brunavicnisui, while the Carstone at the top immediately below the Red 
Chalk is placed on the horizon of the marls with B. miniimis} The Carstone ranges 
into Norfolk, and ^lerhaps represents the entire “ Lower Greensand " of central and 
southern England. 

Wealden.’'— In the southern counties a very distinct assemblage of strati^ is met 
with. It consists of a thick series of fluviatile deposits termed Wcalden (from the 
Weald of Sussex and Kent, where it is best developed), surmounted by a group of marine 
strata (“Lower Greensand”), in which Upper Ncocomian fossils occur. It would 
appear that the fresh-water conditions of deposit, which began in the south of England 
towards the close of the Jurassic period, when the Purbeck beds were laid down, con- 
tinued during the whole of the long interval marked by the Lower and Middle 
Neocoinian formations, and only in Uppr Neocoinian times Anally merged into ordinary 
marine sedimentation. 

Some dis<Hission has arisen as to the correlation of this great fluviatile scries. We 
have seen that no stratigraphical line can be satisfactorily drawn between the Purbeck 
and Wcalden formations, which arc the records of a long |)eriod of lacustrine and fluvia- 
tile conditions. It was the opinion of Fitton that ail those formations should be 
grouiMid together under the name of Wealden as a series distinct from the oolites below. 
As, however, the evidence of fossils has accumulated, the reptiles, the fishes, and the land- 
plants have been claime<i to present a Jurassic rather than a Cretaceous aspect. The 
inclusion of the Wealden formations in the Jurassic system has accordingly been strongly 
advocated, and this view bos been adopted by some geologists.® On the other hand, 
there can be no doubt that the Wealden series passes upward into UpjHjr Ncocomian 
strata, and it may be presumed to represent at least in part Lower Ncocomian deiK).sits. 
It is unfortunate that neither in tlie south nor in the north of England can any 
satisfactory line bo traced between the Jurassic and the Cretaceous systems. Until 
further evidence is obtained the Wealden may most conveniently be allowed to remain 
in the Cretaceous division. 

The Wealden series has a thickness of over 2000 feet, and in Sussex and Kent 


consists of the following subdivisions in descending order 

Weald Clay 1000 feet 

Hastings siind group composed of — 

8. Tunbridge Wells Sand (with Grinstead Clay) . 140 to 380 ,, 

2. Wadhurst Clay 120 „ 180 „ 

1. Ashdown Sand (with Fairlight Clays in lower part) . 400 or 500 ,, 


In the Isle of Wight these subdivisions cannot be made out, and the total visible 
thickness of strata (sandstones, sands, clays, and shales) is only about half of what can 
^ See G. W. Lamplugh, in papers citetl on p. 1182 ; A. J. Jukes-Browue, “Geology of 
East Lincolnshire,” in Mem. (iecl. Surv. sheet 84, 1887. 

On the Wealden or fluviatile ty()e consnlt, besides the works quoted on p. 1180, Mantell’s 
* Fossil^ of the South Downs,’ 4to, 1822. Topley, “ Geology of the Weald,” in Mem. (»eol. 
tHurv. 8vo, 1876. Bristow’s “Geology of the Isle of Wight,” 2nd edit. (1889), in Mem. Oeol. 
iHurv., gives a list of Wealden fossils at p. 258. 

* See 0. Marsh, Amer. Jourti, Sci. i. (1896), p. 224 ; A. Smith Woodward, Oeol. Mag, 
(1896), p. 69. A. C. Sewanl, .Va^wre, liii. (1896), p. 462 ; “Catalogue of Mesozoic Plants in 
British Museum — the Wealden Flora” (1895), p. 240 ; E. van den Broeck, BuU, Soc. Belg. 
xlv. (1900). G. W. Lamplugh, Oeol. Mag. (1900), p. 443. A. Pavlow, q.J. U. 8. liL 



aaiii. iu siWtAciws evsTsit n8» 

b* observed on the mainland farther east, bnt the base of the series is concealed. 
Westward, in the Isle of Piirbevk, on the coast of Dorsetshire, the Wealdon strata arc 
exposed on the shore, and are estimated to be more than 2000 feet thick, but they 
aie there beginning to thin out westward. 

The sandy and clayey sediments composing the Wealden series precisely I'escinble 
the deposits of a modern delta. That aaoh was really their origin is borne out by their 
organic remains, which include terrestrial plants [Chara, Cladophltbis, BeniifUiUs 
{Cycadfioulea), I’empskya^ JSqutsetiUit, FUtonia, Aficrthiidyon, ^f(ltouidivnl, JHniU$, 
Ruffordia, Ragcnopttris, Sphenoplens, Thuytfs^ Wekhi,€tia),^ fresh-water shells (I/tiio, 
Cyrena, PalwHua, Mclanopsis, &c. ), with a few estuarine or nnirine lorms, as Ostrea, 
Rjogyra, Mytilui, and Vkaryu. and ganoid tishes (Ltpidolus), like the gar of American 
rivers. Among the spoils of the laud HoatiMl down by the Wealden r»vcr were the 
carcases of iiugc deinosmirian reptiles, winged pierodaotyles and turtles {Goniophofk^ 
Hetero»uchm, Hyl«osaitnt^^ Igiutwnfon (4 s|»ecie8), Omith^tcheimsi, OrnUhopsis, J’d»rv- 
savri's, /‘ho/ulosaiiniJi, Pksiochchjs, Chtwltosattrus, rolifi'tinthus, Suchuittniritii, Tihinv 
snurus, IWHsannis). The dedtoid formation, in which lin-bo remains oceiir, extends 
in an cast and west dijrcction for at least 200, and from north to south for per- 
haps 100 miles. Hence the delta may li.ive been lu-aily 20,000 .stpiare miles in area. 
It lias been eoriifiared with tiiat nf the Quorra ; in reality, however, its extent must 
have been greater tb.iii its pre.seiit visible area, for it has suffered from domi<latioii, 
and is to a huge extent concealed iimier more recent fonnatiuns. The river probably 
do.sceiided from the north-west, draining a wide area, of which the exi.sting mountain 
grunp^ of Ih itain are perhaps ineicly fragiiinit.s. 

Ih()fes.sor Judd pro[io.sed the name of “ ruiifield Heds” for a group of strata at 
Pun field Cove in Swamige Bay. which he Indieved to bridge over the gap between the 
Wealden series and the Lower f Ii eeiisand, and to .sliow a gradual return of the sea, replacing 
the fluviatile conditions of the Wealden format ioii.s." It lia.s since been sliown, however, 
that no such alternation of deposits exists tiiere, hut that the supposed new formation 
i.s really a part of tlie Lower (.irecrisaiid.^ The line of deinareatioii at the top of (ho 
Wealden senes is always sharply defined both litho]ogie,ilIy and puheontologicully. 

Lower (J 1 ceiisaiid - The Wealden series is suceeedtsl eonformahiy by the group 
of arenaceous stiata which has long been known iimler the awkward name of “ LoAver 
(Jreensand." But then* is heie an cvhleiit hieak in the sedimentation, for not only are 
the Wealden strata sharply separable from those .ihove them, but tlierc are dcilved 
P'bWes at the base of the overlying formation, while in Wiltshire tho Lower Oieciistnd 
overlaps the Wealden bed.s .so rapidly as to indicate an uctiiul iini'onforrnability.* The 
Lower fJreeiisaiid consists mainly of yellow', giey, white, and green sands, hut includo.s 
also beds of ehiy ami bands of lime.sloiie and ironstniie. At Atherlield, on the south 
coast of the Isle of Wight, it readies a thickness of iiioie than 80U feet, but thins away 
Avestwaid .so that in 2d miles it is reduced to no more than 200 feet. It has been 
8ubdi\ided in descending order as under • - 

Folkestone be<ls (Lower Alhiaii of the Coiitinent in llie upper j>art) 70 tu 100 feet. 

Saudgatc l»eds) (Aptian) / . . . . 75 ., 100 ,, 

Hythe bed^ f [ . . . 80 300 „ 

Atherlield Clay (Urgoiuan I, rest'.ng on Wealden . . 20 ,, 90 ,, 

* On the Wcaldi-n flora .^ee Mr. .Seward’s ‘Catalogue,’ just cited, and his paper on ‘La 
Flore Wealdienne de Bermssai t,’ J/f/n. Mvs. Hoy. Ilwl. yuL, Bruasels, 1900. 

® V- (1871), }». 207. • 

^ C. J. A. Meyer, op, tit. xxviii. (1872), p. 213 ; A. Strahau, “ Geology of the Isle of 
Purbeck,” Mem. Snrr. (1S98^, p. 133. 

* 'ITiis formation w'as first worktil out in great detail by Fittou (</, J, G, S. iii. 1847, p, 
289). For more recent lists of fossils .see tlie “Geology of the Isle of Wight," Mem. Geol. 
Hure. Gregory, (kol. May. 1897, pp. 97t 187. and sonic of the jiapers cited below. 

* * Geology of the Isle of Wight,’ p. 18. 

VOL. II 2 I 
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These strata appear to represent the continental series up into the base of the Albian 
stage. The Atherfield Clay, well developed at Atherfield, has at its base a band of blue 
fossiliferous clay overlain by a highly fossiliferous seam of calcareous and ferruginous 
stone, the whole forming what is known as the “Perna bed," which is five or six feet 
thick, full of Pfrna Mulltti, and Exoijyiu sinuata. The Atherfield Clay contains an 
abundant assemblage of fossils, among which are Jloplites Dcshaymi, Naviilvs requini- 
amts, Aticyloeeras matheronianuin, Apon'haia Ilobinaldim, Area JRaulini, Exogyra 
JBoussingaulli, Plicatula plaeunea, Anomin Imvigata, Ttrehratula sella, Phynchonella 
depressa. In the Hy the beds are found Hoplites DesJuit/esii, DouvUleieeras cornuelianum, 
Maeroscaphitea gigas, M. Hilsii, Criocera* Bowerbankii, BeUmnites semicanaliculalus, 
PlicattUa placunea. Some of these fossils occur also in the Sandgate beds, while the 
upper part of the Folkestone l)eds yields likewise DouvUleieeras mawillatum. The 
Hythe and Sandgate beds may therefore represent the Aptian stage, while the Folke- 
stone subdivision may be regarded as the equivalent of the lower juirt of the Albian. 
The “ Rargato beds ’’ of Surrey, which may be on the same horizon as those of Sandgate, 
consist of about 25 feet of sands, siliceous layers, limestone and clays, which have 
yielded no fewer than 34 genera and 139 species of foraminifera.' Again in Surrey the 
sandy strata above the Atherfield Clay include cherty bands full of spongc*spicules.^ 

Of the total assemblage of fossils in the '** Lower Greensand," only a small proportion 
passes up into the Up|>cr Cretaceous formations, except among the foraminifera, of which 
nearly 70 sirccics are common to the two series. This marked palamntological break, 
taken in connection with a great lithological change, and with an unconformability which 
in Doreet brings the Gault directly upon the Kimeridge Clay, shows that a definite 
boundary line can be drawn between the lower and upjror jrarts of the Cretaceous system 
in the south ol Kngland. 

UiU'EU CHErAcKoiJ«.’'*-Threedeading lithological groups have long beeir recognised 
as constituting the Upper Cretaceorrs scries of Ktrgland. First, a band of clay termed 
the (fault " ; second, a variable and inconstant group of sands aitd sandstones called the 
*' Upjrer (Irccrrsand " ; arrd, thirsl, a massive calcareous formatiorr known as the Chalk. 
The progress of jraheoutological aird stratigraphical irrvestrgation, and nrore esjMJcially the 
devolopmerrt of the system of classification by zorres has led to a subrlivision of these 
three types irrto mirror stages and substages, gerrcrally thorrglr not always deiiired by 
lithological distinctioirs arrd more especially chaiaeterised by peculiar assemblages of 
fossils. It is irow |K)ssible by this means to jdace the English formations orr joirallel 
lines with their representatives on the contment. 

Gault and Upper Greensand^ (Albian).- The Gault was formerly believed ahvays 
to underlie the Upi>cr Grecrr.sand. It has now’ beerr ascertained, however, that the 
greater jNirt of the Gault so well develojwd at Folkestone and the greater |)art of the 
Upper Grtjerrsand are really equivalents of each other, formed corrtcmporaireously 
under dilfercrrt conditrorrs of sedinrerrtatiou.^ Mr. Jukes-Rrowne has accordingly pro- 
po.sed to group the two formations together under the name of Selbornian.® 

The (Jault is a dark, stilf, blrte, sometimes sandy or calcareous clay, witlr layer’s of 
pyritorrs and phoaplratic nodules and occasional seams of greensand. It varies fronr 100 
to more than 300 feet irt thickness, forming a marked line of bounilary between the 
Upper and Lower Cretaceoirs iwks. overlapping the latter and resting sometimes even 

‘ F. Chapman, (,>. J. <». (1394), p. 677. 

T. Leighton, 1/ J. H. S. li. (1895), p. 104. 

® This important serie.s of fornialions is dc'icribed in full detail by A. J. Jukes-Browne 
and W. Hdl in vpls. i. and ii. of the •* Ci'etaceoiw Rocks of Britain," Mem, Ued, Sure, 

* “Gault" is a Cambruigeddre provincial name. 

^ This view was e.xpresaed more than fitly years ago by Gorlwin Austen, Q. J. S, vL 
(1850\ pp. 461, 472. 

• “ Cretaceous Rocks of Britain,” vol. i. (1900), pp. 1, 30. 



41 the Kiraertdge Cl«y. Tho best section of this founstion is that of Copt Point, near 
Folkestone, where the following subdivisions have been established by Messrs. De Ranee 
nd Price : * — 


Base of Cenomanian. 





Zone of 
tSchlosn- 
bachia 
rostrnfa. 



a 


Zone of 
HopUUs 
/ait (us. 


i 

I 


Zone of 
Hoplites 
uiterruptus. 
Zone of 
Itouviilei' 
ccras mini- 
^ miUatum. 


Palo grey marly clay (56 ft. 8 in.), characterised by Schloen- 
bttfhiu rosti'ula, S. t»oa(/lM//i, Ostrta frons, Inocerawus 
CrispiL 

Hard |mi1c marly clay (5 ft. 1 in.), with St'/iitmixtc/iui nistrntn, 
Kingtfna ima, Plicatu/a gntyi/ta, Pfntacnnus Pittoui, 
Cu/uris gaultiua. 

Pale grey marly clay (9 ft 4^ in.), with Schltrnhathui natrata, 
S. ranctiaa, ScaphUe* huganliaaua, Jnaceramua suleatua, 
Pho/otiomifa fabnno, Pleurotornaria (/ibbsii. 

Darker clay, with two lines of phoaphatic nodules and rollwl 
fosjiils (9^ in.), with lifauuiarraa Iteiuianti, (Schldnibachia 
criatata, X bnmgniartiannt .4ivtnMorertM idniunuui, Min'e.c 
calcar, Scalana tjaultina, Pholadulra Wmlani, Pectcn 
. Rtibinaltlinua, CgpritUi guaUrata. 

( Dark clay (6 ft. 2 in.), highly fossil iferouH. with Jitplitea 
I auritua, Xucida hinryaia, Ihtcciumn ganltinum, Aporrliaia 
J*(irki)i.sani, Fuftiia imiccmta. 

1 Dark mottled clay (1 ft), Uoplitea denariaa, Schiurnbachia 
I corniita, TurrdUea hugardianus, yecracurinua Jierhri. 

Dark spotted clay (1 ft. 6 in.) I/ojt/itca lantaa, H. rnn/inianua, 
i Aaturte dupiniana, Stdarinm iHOHiliferutn, Phaaiaiutlln 

(trgana, numerous corals. 

j Paler clay (4 in.) ikh/teidjachia Delaruti, Natica obliguot 
j Denta/iiim- drcuaauiitm, Fuaua rua/icua. 

I Light fawn-coloured clay, “crab-lied’* (4 ft 6 in.) with Humer- 
i' ous carapaces of ciustaceaus (Paltpororifafra SlokrJiii, P. 

I Bna/eripii), Pinna tetragona, Uamitrs attenuatva, Vorhula 

I clegana. 

j Dark clay marked by the rich colour of its fossils (4 ft 8 in.), 
j J/fipldes aurdua, Turrilitea degam, Anrylaccroa spini- 
(jcmvi, Apyrr/iuta ealraraia, Fuatia iderinnns, f.'erithium 
I triuMuile, Carbula gaiddfut. 

( Dark clay, dark greensand, and pyritous nodules (10 ft. 1 in.), 
-! Hnfkites interniptna, Jfumitea titienitniua, Crioceraa aatieri- 
I antivi, IMemnitcs mininiua. 

f Greensand, coarse in places, mixed with dark clay alove (2J 
I feet) resting on a coarse gritty band partly indurated into 
large concretionary masses with dark phospliutic nodules 
I (1 f<x)t) with a yellowish incoherent greensaml underneath 

^ (3 feet). 


Folkestone Beds. 


Mr. Price remarked that, out of 2 10 species of fo-ssils collected by him from the Gault, 
only 39 are common to the lower and upper divisions, while 124 never pass np from the 
lower and 59 appear only in the u])})er. The Lower Gault seeiri-s to have been deiiositcd 
in a sea specially favourable to the spread of gasleropods, of which 46 sjiecies iicciir 
in that division of the formation. Of these only six appear to have survived into the 
period of the Upper Gault, w'here they arc associated with five new forms. Of the 
lamellibranch fauna, numbering in all 73 siiecies, 39 are confined to the lower division, 
four are jieculiar to the {lassage-bed (No. 8), 14 jiass up into the npjicr divi8ion,^where 
they ai-e accompanied by 16 new forms. About 46 {ler oeiit of the Gault fauna lauw up 
into the Up|)er Greensand.^ 

» C. E. de Ranee, (Jed. Mag. v. p.T63rir(2V^ «6. 

XXX. p. 342 ; ‘The Gault,' 8vo, London, 1879. See also Mr. Jnkes-Browne, “ Cretaceous 
Rocks of Britain,” Mem. (Jed. Surv. vol. i. p. 73. 

* The foraniinifera of the Gault at Folkestone, with reference to the zones here given, 
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Accoi'ding to the view above referred to at proposed by Mr. Jukes-Browne, the 
Gault of the Folkestone section, 112 feet in thickness, contains the whole of his 
Selbomian " stage, that is, the upper part of the section is the equivalent of what is 
elsewhere the sandy series known as “Upper Greensand.” At one time a sandy 
glauconitic marl which overlies the Gault at Folkestone was regarded as Upper Green- 
sand. This identification naturally strengthened the belief of the posteriority of the latter 
formation. It is now generally agreed, however, that the marl in question is really the 
so-called “ Chloritic Marl ” at the base of the Cenomanian stage. 

As the Gault is followed westwards from the Isle of Wiglit it gradually diminishes 
in thickness until in Devonshire it appears to be repre.scnted by a few feet of green- 
sand. At the same time it is overlain by a progressively increasing depth of sandy 
strata, which have long been known as the Upper Greensand. There can now be no 
doubt that these arenaceous deposits w’cre coeval with and strictly represent the 
argillaceous deposits of the south-eastern counties. The Upper Gault is character- 
ised by the occurrence of Schlotuhachia rostrata^ and this ammonite serves as a 
useful guide among the mure sandy strata farther W'est. The /one is probably thickest 
in the Isle of Wight (about 130 feet). It there consists of greonish glauconitic sand- 
stones with conspicuous layers of black and grey chert in the upper jvart. Some of 
those liner arenaceous stiataare known as “Malmstone” or “Malm Rock,” which may be 
defined as “a fine-grained siliceous rock, the silica of which is principally of the colloid 
variety, either in the form of a semigranular groundraass or of scatteied microscopic 
spheroids or in both forms. Sponge spicules, or the spaces once occupied by them, are 
always abundant and seem to have sjjpplied the silica which is now’ in the globular or 
semigranular condition.” * Small quantities of quartz, mica and glauconite are present 
with some calcareous matter. Where the lime increases to 20 or 25 per cent the rock 
is known as calcareous malmstone or “Firestone.” The malmstone jiasscs into a 
micaceous sandstone containing quart/, mica, glauconite, sponge spicules and globular 
silica— the ‘•(iaize”of French geologists. With its associated beds of firestone and 
gaize the malmstone cavers a large tract of surface in southern England, and os it extends 
under the Chalk and Tertiary ibrmations Mr. Jukes- Hrowno computes that the portion 
of it which remains after e.\tensivo denudation iias an area of neaily 4000 square miles. 

besides these more solid constituents which, owing to their greater hardness, give 
vise to siu'h picturesque landscapes as those aliove the underclilf of the Isle of Wight ; 
the Upper Greensand in that island and in the south-western counties consists in large 
measure of fine soft sands, composed mainly of quartz with some mica and a constant 
admixture of glauconite, which gives the prevailing tint of greyish-green to the deposits, 
'rhose sands, however, are here and there indurated into hard calcareous sandstones and 
lenticular concretions or “doggers.” 

The fossils of the Upper Gault and Up^ier Greensand or zone Schhenhachia rustruta 
have been collected mainly at Folkestone and Cambridge.-* Those yielded by the 
Malmstone and Gaize come chictly from these strata as scon around Devizes, while thoso 

have been described by F. Chnpiuan, Journ. R. Micron. Soc. 1891, p. 565 ; 1892, pp. 321, 
749. bee also the li.st of fossils in vol. i. of the Geol. Svrv. Memoir on the “CYetaceous 
Rocks of Britain,” p. 481. 

^ A. J. Jukes-Browne, ‘C’l-et. Rocks of Britain,’ vol. i. p. 54. 

* The .so-called Greeusaini of Cambridge (pp. 1175, 118?), a thin glauconitic marl, with 
phosphatic nodules and numerous erratic blocks, was formerly classed witli the Upper 
Greensand, but has been sliown to be the equivalent of the Glauconitic Marl, forming 
really the base of the Chalk Marl and lying uuconformahly upon tlio Gault, from tht 
denudation of which its rolled fossils have been derived. Jukes-Browne, Q. J. U. S, xxxi, 
p. 272, xxxiii. p. 486, xUii. p. 645. “Geology of Cambridge,” by W. H. Penning and 
A. J. Jukes-Browne, Mem. Ueol. Surv. (1881), p. 24. The fishes of the deposit an 
enumerated by A. Smith Woodward, Oeol. Mitg. (1895), p. 207. 



Sin. m |t 


mETACMOUS SYSTEM 


1189 


of tb6 Binds have been supplied from tbe Isle of. Wight nnd the deposits in Dorset snd 
Devon» particularly in the Blackdown Hills.* Besides the distinguishing ammonites 
and those mentioned in the table on p. 1182, the fossils include ffopfitfs auritut, H. 
raulinianuSf Aniaocrras {HamiUsi) arnuUnuiy Tury'ilUts Bergeri^ Aporrhais Parkimmi, 
Cardium gefUianum; Ciiculla'a gfabm, Trigonia aii/ormis, Terebratufa bipUcata^ IVxyn- 
chonella sulcata. 

At the highest part of the Upper Greensand, where fully develo|)ed, there lies a group 
of sandy strata, 10 to tiO feet thick, whicli in lithological characters and in fossil contents 
diifers from the deposits underneath them. As they are well develujied in the Vale of 
Warminster, Wiltshire, they have long been known as the “Warminster Beds.’’ At tliat 
locality they are about 18 feet thick, and consist of glauconitic sands, chert, and siliceous 
rock, composed largely of spicules. These strata form the z«>no of Pertni aspt r and 
Cardiastcr foasarius. Among their other fossils ere numerous luincllibranchs {Lima 
semiornata, Pccten Jtobiuaidiiius). brachioiiods {Phynehonella dhaidiala^ K. gi'osiaua, 
Terehralnla biplicatn, T. ovala, Terebrirostra fyra), polyzoa {Ceriopora polymorpha), 
echinoderms (more than 80 species, including CidarLa, Catopygn.^ Prltaates^ Pacududia^ 
dema, SaUnia) and sponges,” 

At Hunstanton in Norfolk, likewise in Lincolnshire and Yorkshire, as already (p. 
1183) referred to, the “ Ked Chalk” — a ferruginous, hanl, niMlnlar chalk zone (4 feet), 
lies at the base of the Chalk and rests on the Upper Neocoinian “Cnrstono," the true 
Gault being there ah.scnt, althongh it occurs a few miles f.n tlier south. •* The proj>or 
horizon of this band has been the .subject of much discussion ; but it probably represents 
tlie Gault. Banda of red and yellow chalk occur in the lower jiarta of the Chalk above 
the horizon of the Be<l Chalk in Lincolnshire and Suffolk.^ 

Lower Chalk (Cenomanian).'’ -The thick calcareous deposit known as the Chalk 
is now ebtssed in three chief divisions -Ijower, Middle, and Upi>er, corresjtonBing to 

* On the literature of the “Blackdown beds,” see W. Downes, Q. J. (?. S. xxxvUi. 
(1882), p. 75, where a li^t of their fossils is given. The iiuineroiis corals of the deposit were 
described by P. Martin Duncan, op. rit. xxxv. p. 00. 

” A. J. Jukes-Browne, op. rit. pp. 62, 238, and authorities there cited. 

* See Whitaker, Mag. 1883, p. 22 ; I*foc. Urni. Assoc, viii. No. 3 (1883), p. 133. 
This author gives a full de.scrij)tion and bibliography of the Red Chalk in Proc. Nwioirh 
Geol. Soc. L Part vii. (1883), ]». 212. See also Mr. Latnplugh’s jiapers cited ante^ p. 1182, 
who shows that the Red Chalk Ijelongs to the zone of /klemuitea minimus. 

* A. J. Jukes-Browne, Mag. 1887, p. 24. W. Hill and Jukes-Browne, Q. J. (i. S. 
xliii. p. 544. 

I' or a comparison ond disc.uHsion of this stage in the south of England and in France 
see A. J. Jukes-Browne and W. Hill, Q. J. (•. S, lii. (1806), pp. 99-177. I’he nams of the 
stage is derived from Coinoniamim, the old Latin name of the town Mans in the department 
of Sarthe. To the illustrious Hebert geology is indebted for inaugurating tbe thorough 
detailed study and classiticatiou to which the Upper Cretaceous formations of the Anglo- 
Parisian basin have been subjected. In 1874 he published a short memoir, in which the 
Chalk in Kent was subdivided into zones equivalent to tliosedn the Paris basin {Bull. Soc. 
fiM. France., 1874, p. 416). Subsequently the same task was taken up and extended over 
the rest of the English Cretaceous districts by Dr. Charles Banrois (’Recherches sur le 
Terrain Cretace superieur de I'Angleterre et de ITrls&de,' Lille, 1876). The first JSnglish 
geologist who appears to have attempted the paleontological sulidi vision of the Chalk was 
Mr. Caleb Evans (‘Sections of Chalk,’ Lewes, 8vo, for the fleotogists' AMoeiaiion). 

See also W. Whitaker, ‘ Geology of the London Basin ’ ud * Geology of London ’ ; Bristow’a 
‘Isle of Wight,’ 2nd edit ; and A. Straban’s “Isle of Purbeck," in Geol. Survey Memoirs. 
A tolerably full bibliography will be found in Dr. Barrois* volnme, and the whole subject is 
fully discussed in vols. I and iL of the Geological Survey Memoir on the “Cretaceous 
Bocks of Britain.” 
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tha CenonwnUnf TuronUn, and Senonian stages of the Continent. Under the name of 
Lower Chalk are included the groups of tli^ ''Glauconitic" or “Chloritio Marl," the 
" Chalk Marl," and the "Grey Chalk " up to the top of the-zone of Adinoeamax pUnut 
and base of the " Melboum R<Mk.'’ 

Olaueonitic (CMoritic) Marl.— This name has been applied to a local white, or light 
yellow, chalky marl lying at the base of the Chalk, and marked by the occurrence of 
grains of glauconite (not chlorite) and phosphatic nodules. It varies up to 15 feet in 
thickness. Among its fossils are Aeanthocernt IcUic/aviuni, A. Mantellit Sehlcmhachia 
Coupei, 3. variaTUt Mautilus $ublmvigatu8, Turrilites tiiberciilatusy Solarium omcUum, 
Plicatula inflata, Tertbraiula biplicata. It forms the base of the Schlcenbacliia variam 
zone. 

Chalk Marl is the name given to an argillaceous chalk forming with the Chloritio 
marl, where the latter is present, the base of the true Chalk formation. This sub* 
division is well exposed on the Folkestone cliffs, also westward in the Isle of Wight, 
whore a thickness of upwards of 100 feet has been aanigned to it. Among its charac- 
teristic fossils are Plocoseyphia labrosa^ Ilolaster lavis, Tercbratulhui triangularis, 
JUkynchonella Martini, R, Mantdliana-, Ostrea h'encularis, hioceramus latus, I, striatus, 
Lima globosa, Plicatula inflata, Acanthocpras cenomanensc, A. ManteM, A. navicularis, 
Hoplites falcatus, Schhmbachia varians, Scaphites aequalis, Turrilites costatus. 

Careful chemical and microscopic examination of the various subdivisions of the Chalk 
have disclosed the presence, even in the white and apparently perfectly pure Chalk, of 
admail proportion of inorganic mineral matter, giving rise to residues in which a number 
of minerals can be discriminated, including quartz, felspar, mica, horphleude, augitc, 
tourmaline, zircon, rutile, anatase, brookite, garnet, kc. In the Chalk-marl the total 
amount of mineral residue is about 40 per cent, and in the Grey Chalk 44 per cent, 
while in the white Upjier Chalk it has been found to sink to little more than a half of 
1 iwr cent.* 

drey Chalk. — The lower |)art of the Chalk has generally a somewhat greyish tint, 
often mottled and striped. In Bedfordshire and adjoining counties a l>and of hard grey 
sandy chalk, from 6 to 15 feet thick, containing 8 ])er cent of silica and in places 
much glauconite, is known as the “Totternhoe Stone," “ and forms the base of the Grey 
Chalk, which as a stage comprises the jmlwontological zone of Uolaster suhglobosus 
mt\i Adinoeamax plenus ill iia iqqier portion. In Cambridgesldre the Chalk Marl is 
covered by the band of lotternhoe Stone passing up into sandy and then nearly pure 
white chalk, and these strata, equivalents of tlie Grey Chalk, are probably sejmrated 
by a i^heontological and stratigrapliical break from the next overlying (Turonian) 
member of the scries.^ According to the original classification of M. Hebert, this zone 
of Actinocamax plenus is placed at the base of the Turonian group ; by Dr. Barrois 
it is made the summit of the Cenomanian. The latter view receives support from 
tiaces of a break and denudation above this zone in England. 

The Lower Chalk attains its fullest development along thg shore-cliffs of Kent, 
where it has a thickness of about 200 feet. According to Air. F. G. H. Price, ^ it is 
there divisible into five beds or sub-stages. Of these the lowest, 8 feet thick (-lower 
part of the Schlombachia varians zone), contains among other fossils Discoidea suhucula, 
Pecten Reaveri, Schlombachia varians; the second bed (11 feet) contains many fossils, 
including Acanthocera, rothomagense, A. Manlclli, Pa^ydisms Uwesiensis (=part of 

* Dr. Hume's Essay cited on p. 1162, and M. Cayeux’s volume. 

* For the list of fossils of this bed in Norfolk and Suffolk see Jukes-Browne and W. 
Hill, g./. N. 1887, p. 577, 

* A. J. Jukes-Browne, Oeol. Mag. 1880, p. 250. See also the same author in “Geology 
of the Neighbourhood of Cambridge " {Mm. Otol. <SWrr,}, and Q. J. G. & 1886, p. 216 ; 
1887, p. 544. 

.* g. J. a. & xxiU. p. 486. 
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Sekkmb, variant Eon6) ; the third bed (2 feet 9 inches), also abundantly focsiliferous, 
contains among other forms PtUaUts e^oMmtus, HemiaMer iforrisi'i, Terthraiulina 
rigida, Bhynxhmdla manUlliaw, Aeanthocevas rothomogcHse^ Sehlanb. variant; this 
and the ta-o underlying beds are regarded as comprising the zone of AcantJtoctrat 
rathomagense and Sehlcenb. variant ; the fourth sub>8tage or zone of Ilolast^r tuhgloboaut 
(148 feet), contains among its most characteristic fossils Discoidea cylindrica, I/of after 
tubglobotut, and in its upper part Adinocamax jd&nut ; the fifth bed, or zone of 
Actin. plenttt, consisting of yellowish-white gritty chalk (4 feet), forms a well-defined 
band between the Grey Chalk and the overlying lower subdivision of the White Chalk 
(Turonian) ; it contains few fossils, among which are Adin. plenust HadiulUes Aloriani^ 
Ptythodns. 

Middle Chalk (Turonian).'— This division comprises the “Lower White Chalk 
with few' flints," and is marked off at the base by a band of hanl yellow and white 
nodular chalk, locally knowm in Cambridgeshire as “ rag," and termed by geologists the 
" Melbourn Rock." It is about 8 or 10 feet thick, and forms a convenient Iwnd in mait- 
ping out the subdivibions of the Chalk. It contains ItbynchonrUa Cnvieri, TerehrtUulina 
striataf Inuceramvt Cuvirri^ Spondylva tlrialnx, Pacfiydiat'us jitramplns, &e.* 

The White Chalk of England and north-west France forms one of the most con- 
spicuous members of the great Mesozoic suite of deposits. It can be traced from 
Flauiborough Head in Yorkshire across the south-eastern counties to the roast of Dorset. 
Throughout this long course, its western edge usually rises soniewhat abruptly from the 
plains as u long winding escarpment, which from a distance (i^vn reminds one of an old 
coast-lino. The upper half of the deiHjsit is generally distin^ished by the presence of 
many nodular layers of flint. With' the exception of these enclosures, however, the 
whole formation is a remarkably pure white pulverulent dull limestone, meagre to the 
touch, and soiling the fingere. Composed mainly of crumbled foranunifera, inchins, 
mollusks, &c., like some of the foraniiniferal ooze of the existing sea-bed, it must have 
been accumulated in a sea tolerably free from sediment. There is, however, no evidence 
that the depth of the water at all approaclu'd that of the abysses in which the present 
Atlantic glohigeriim-ooze is being laid down. Imlecd. the character of the foraminifera, 
and the variety and association of the other organi(‘ remains, are not like those which 
have been found to exist now on the deep floor of the Atlantic, but present rather the 
charactei-s of a shallow-water fauna.* Moreover, the researches of M. Hebert have show’ll 
that the Chalk is not simply one continuous and homogeneous de]K}sit, but containa 
evidence of considerable oscillations, and even perhaps of occasional emersion and 
denudation of the sea-floor on which it was laid down. The same observer believed 
that enormous ga|)8 occur in the Cpfier Cretaceous series of the Anglo- Parisian basin, 
some of which arc to bo supplied from the centre and south of France {postea, p. 1198). 

('ollowiiig the modern clossification, we find that the old subdivision of “ Chalk 
with few flints ” agrees on the whole with the Turonian section of the system. Tins 
division, as, above remarked, ap|)cars in some places to lie unconfonnably upon the 
members below it, from which it is further separattKl by a marked zoological break. 
Nearly all the Cenomanian siiecies now disajipear, save twooi three cosmojMilitan forms. 
The echiiioderms and brachiopods are entirely roplaceii by new species.* Not only is 

' From Touraine, where the marly chalk is well develojasd. 

* W. Hill and A. J. Jukes-Browne, (/. J. t*. A. 1886, p. 216 ; 1887, p. 680. W. Hill, 

op, eit. 1886, p. 232. • 

* Dr. J. Gwyu Jeffreys pointed out that the tnollunca of the Chalk indicate comparatively 
shallow-water conditions ; Brit. Astor. Rep. 1877. Bees. p. 79. See also Mature, 8rd July 
1884, p. 215; L. Cayeux, Ann. Soc. (i(ol, Nord. xix. (1891), pp. 95, 252. For a general 
account of the origin of the C*lialk, with special reference to its minuter organisms, see T. R 
Jones, Trant. Hertford. Hat. Hitt. Aoc. iii. Part 5 (1885), p. 143. 

* Jnkes-Browne, Oeol. Hag. 1880, p. 250. 
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the hue of the I'uronian group defined by a stratigraphical hiatus, biit its summit is 
marked by the “ Nodular Chalk ’’ of Dover and the hard “Chalk Rock,” which appear to 
indicate another stratigraphical break in what was formerly believed to be an uninter' 
mpted deposit of chalk. The three Turoiyan {>alteontological zones, so well established 
in France, are also traceable in England. As exjiosed in the s])lendid Kent cliffs, the 
iMwe of the English beds is formed by a well-marked band (32 feet) of hard gritty chalk, 
made up of fragments of Inocerami and other organisms.^ Fossils are here scarce ; they 
include iMceramiis mytiloidai (which begins here), JlhunchoauHn Cuvieri, Oalerites 
{Echinoconus) subrotundus, Cardiaster pj/grna)us. Above this basement bed lies the 
massive Chalk without flints, full of fragments of Inoeeranui^ viijtiloides, with /. 
CuvUri^ Terehfatulaserniglobom, TerebraMma lata, ffalcritesiEchinoc^mtis) subrotundns, 
Ac. The lower 70 feet or so include the /one of Hhynchonella Cuvieri, the next 90 or 
100 feet that of Te.rebraiiilhm lata, and the upper fiO or 60 feet, containing layers of 
black flints, that of Holaster planii3. At the top comes the remarkably constant band 
of hard cream-coloured limestone known as the “Chalk Rock,” varying from a few 
inches to 10 feet in thickness. Its upper surface is generally well defined, sometimes 
oven suggestive of having been eroded, but it shades dowm into the Lower Chalk.* 
'fliis band has yielded a large assemblage of fossils, including Knnti/us suhlirvigatus, 
Ileteroceraa rruisinnnm, BaeulUea bohaitkuH, Prinnocyclua Ncptmii, Pachydiscua 
peramplua, Scaphitea Geinitzi, Crioceriut elliphenin, sjjccics of Eninryinnla, Plenroto- 
maria, Trtjehua, Turbo, Cerithiuvi, Aporrhaia, and other gastorojiods, together with 
Septifer lintatua, Inoceramna atrialua, Lima ffoperi, Sptmdylua apinoans, Cyprina 
guadrata, Cnapidaria caudala, Ac.* 

From the several subdivisions of the English Chailk a considerable number of species 
and genera of fossil Ashes have been obtained. They embrnce selachians {Notidanua, 
Hyhtdm, Drepanephorua, Acrvdua, Oryrhina, Lamnii, Corajr, ScyHiodua, PtycTwdns), 
chimft>roids {Edaphodan, Ischyodua, Elaamodeetea), ganoids {Macro))ovia, Lophioatcrowia, 
Cirtodua, Atinnurodua, Vrotoaphytu'iux), and toleosteans {Portheus, lehthyodcctea, Pachy- 
rhizodva, Oameroides, Ilojdopt'enjji').* 

Dr. A. W. Rowe has recently shown the lemarkable value of the species oi Micraakr 
for purposes of zonal determination. He has traced an unbroken evolution of variations 
in this genus from the base, of the Turonian up to the hip of the Mieraafer zones of the 
Scnoiiian stage, and has found that in each zone the s|>ceial features of this development 
are so distinctly marked that they may b<» confidently used to fix the zone from 
which any specimen of Micraatcr. has been obtained. The zone of IWcbratvliua lata 
is marked by the occurrence of Micraatcr eor-hovi% the only Micraatcr, with rare excep- 
tions, found below the level of the zone of Jlolaatcr planua. Tlie latter zone is 
distinguished by M. Jjeakei, praecuraor and cor te.studinarium. Unt besides tlisse 
speciflo forms Dr. Rowe has been able to discriminate varieties which he has arranged 
into groups, liased on a miiuito comparison of differences in the test.® 

Upper Chalk (Senonian,® Upper Chalkwith many jUtiUt). — This massive formation 
isoompased of white, pulverulent, and usually tolerably pure chalk, with scattered flints, 
which, being arranged in the lines of dejiosit, servo to indicate the otherwise indistinct 
stratiHcatiou of the mass. It has lieen generally regarded by English geologists as a 
single formation, with great uniformity of lithological characters and fossil contents. 

^ For an account of the Middle Chalk of Dover see W. Hill, J. G. S. 1886, p. 232. 

* Wiitaker, Mem, Geol. Sure. iv. p. 46 ; Jokes-Browne, Geol. Mag. 1880, p. 264. A 
similar band occurs in Normandy. 

" H. Wooils, Q. J. G. S. Ul. (1898), p. 68 ; liii. (1897) p. 877. 

* A. Smith Woodward, Proe. GeoL Aaaoe. x. p. 286. 

* Q, J. G. S. Iv. (1899), p. 494 ; Proc. Geol. Aaaoe. xvi. Part vi. (1900), xvil. Part i. 
(1901). 

® From Sens, iu the department of Ypnne. 
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Mr. Whit«k«r, however, showed that distinct lithological platfoniis occur in it, and 
later researches, especially by MM. H^l)ert and liarrois, brought to light in it 
the same zones that occur in the Paris basin. Of these the lowest, or that of the 
Micrasters (Broadstairs and St. Margaret's Chalk), is most widely spread, the others 
having suffered most from denudation. It is well exposed along the cliffs of Kent at 
Dover, and also in the Isle of Tlianct. At Margate its thickness has l>et*n Hscertained 
by boring to be 265 fcot. It contains two /ones, in the lower of which the characteristic 
urchin is Miernster eor-U^uditutrium, while in the upjHT it is eor^oitguinum. Near 
the top of the Mienwter group of beds in the Isle of Thnnot’ lies a roniarkable seam of 
flint about three or four inches thick, forming a nearly continuous Hoor, nhich has 
been traced southwards at the toji of the cliffs between Deal and Dover. Again, on the 
cijaat of Sussex, what may l>e nearly the same hori/on in the chalk is defined by a 
corresponding band of maasivc flattened flints. The traces of immersion and erosion 
observed by M. H«’bert in the Paris Chalk are legaidetl by Dr. Barrois ns equally 
distinct on the Knglisli side of the Channel, in the l<nm of surfaces of hardened and 
corroded chalk. One of these surfaces marks the upjier limit of the .Mieraster grou]) on 
the Sussex coast, where it consists of a hand of yollovrish, hanlened, aiul corroded elialk 
ahrmt siii inches thick, eontaining rolled green-coated nodules of chalk.’ A similar 
hardened, corroded huml forms the same limit in the Isle of Tlmnet. Occasional 
lenticular la 3 ’ers and jujies of phospliatic chalk aie found in this stage, hut iu Phigland 
hitherto only on a small scale.** Among the fossils of the Mieia.ster <iivision the 
following may bo nientionefl : Micmuter ('or-Mwfinariuin, M. cor-iDujnhiHui, CiJarin 
ctni'iijtra^ EchituKorm vu/gariji, iJakriU'n {EchiniKOHUsl, conicus, EpCaxtcr gihlurs^ 
bmlulnm latn, Tcrchratuht xrmig/ohosa, (hiren rrxicularU, Jnocrraufux invoiutvx. 

The middle 8uhdivi.siori, of Margate Chalk, has Wn named the Mursnpito zon« by 
Dr. Barrois, from the abnndance of these criiioids. It attains a thickness of about SO 
feet in the Isle of Thanet, where it contains few or no flints, and upwards of 400 feet in 
the Himpshire basin, where flints arc niuueroiis. Among its fos-sils are Poroxjthirrra 
gMiubtrix, EmtrguHicrinns Marsupitn kHtUiiimriux, MicraxUr otrni>guinnm, 

(rftkriUx {E'hitwcontis) coninis, Echinocoryx vuirjnns, Cularis cUimgvrUy (\ scrplriferny 
Thfcidium IPethfrclli, Tnrhrafula semigloltoxu, Hhynt'kondla plieafifis, TerfhrahiJina 
striaUi, SpunUylnx spinoxiut, S. diitfinplcamis, Pfdrn crrtoxux, Oxtrra vexicu/arix^ 0. 
hippojhjdiiim, Inocxramux lingua (and several others), Adinocamiu' vxrnx, A. Merctyi^ 
PnchipiixcAix kptophyVux, The h)wer half of the Maraui>ite zone is distinguished by the 
jn esence of Uintacrinux - a free-swimming crinoid.* 

The highest remaining group, or Norwich Chalk, forms the Bdeinniftlla zone so wcdl 
marked in northern Euro{w. It attains a thickness of from 100 to 160 feet in the 
Hampshire basin, is absent from that of I/>ndon, but reappears in Norfolk, wheio it 
attains its greatest development. It is at Norwich a white eruinhliug chalk wifli layera 
of black flints which have yielded abundaht sponge -spicules.® Among its fossils are 
Paraxiinlia eenlralis, CKlasniiha lorn, Crfphosoma mngnifizum^ Salenift gwmtiricaf 
Echinaconjx vulgaris, Jihynchonella pi icatilis, var. ocUg/ltcata, Jl, Ibnhttla, IWehratula 
camea, T. obexa, Osfrea lunata, BeUmnifella mttcrmaUi. 

The up|iermost, or Danian,® division of the Continental Chalk apitears to be absent 
in England, unless its lower jxirtions are represented by some of the uppermost beds of 

* F. A. Bedwell, Qeol. Mag. 1874, p. 16. 

’ Barrois, ‘Terrain Oretace de rAngleterre,' &c. 1876, p. 21. * 

* A. Strahan, Q. J. (J. S. xlvii. (1891), p. 356 ; Oeol. Mag. (1895), p. 336 ; q. J. O. A'. 
Hi. (1896), p. 463. 

* For description and figures of this remarkalde crinoid, see Bather, Proc. Zool. Soc. 
(1896) p. 974, and Springer, Mem. Mux. Zool. Harvard, xxv. (1901). 

* Professor Sollas, Ann. Mag. Eal. Hist. vi. (1880), pp. 384, 437. 

* So named from its development in Denmark. 



1194 


smAfiaM^KWAi 


th« Nonivlch Chalk. Tlie highest beds of the English Chalk appear on the Norfolk 
coast, at Trimiiigham, near Cromer, and contain Ostrea lunata^ Pecten pulchellui, 
Terebratulina gracilis (tyi)e), Trigonosemiu elegans, and many polyzoa. 

The Cretaceous system is sparingly represented in Ireland and Scotland. Under the 
Tertiary basaltic plateau of Antrim, and resting uncon formably on Liassio and 
Rhaitic strata,’ there lies an interesting series of deposits (from 70 to more than i200 
feet thick) which in lithological aspect diftier greatly from their English equivalents, 
and yet from their fossil contents can be satisfactorily paralleled with the latter. 
They are thus arrangeii 


Hard white chalk 65 to 200 feet, with Echino- 
arrys mlcatva, kv. 

Bpongiarian bed (Ventriculites, Ac.) 
Glauconitic (Chloritic) Chalk 


Glauconitic (Chloritic) sands 


Glauconitic (Chloritic) sands and samlstones 
(Cenotiiauiau) 


: zone of BeUmiitdla muero-'\ 
nata. 

, , A etinocaniax verus 

,, Kchinocorya gibbus 

and Camerospongia 
fnngifonnis, re- 
presenting the 
Mimister cor- 
a)iguinnm and part 
of the Marsvpites 
or Actinocaviax 
ren/s-zones. , 
,, fnocerainus (highest^ 

Turonian or lowest 
Senonian beds of 
England) 

Krogyra ctiuuiba 


Grey marls and yellow .sandstones 
Glauconitic sand 


(htrea carinnta 
Exogyra cunica 



In the nest of Scotland, also, relics of the same type of Cretaceous formations have 
been preserved under the volcanic plateaux of Mull and Morven. They contain the 
following subdivisions in descending order : *■* — 


White marly and .sandy l>ed8 with thin .seams of lignite ... 20 feet 

Hard white chalk with Iklemnitella mteronata, Ac 10 

Thick white Naiidstnnes with carbonaceous matter .... 100 „ 

Glauconitic sands and shelly limestones, Pecten asper, Exogyra coiiica, 

Neithfo {Janira) qinnqnecodatOy NautUns deslmgchampsianua, Ac. . 60 


That the hard Chalk of Ireland, as well as the Liassic and Rheetic formations below 
it, once extended to the north-east, at least .as far as the basin of the Clyde, has been 
shown by the remarkable discovery (above alluded to) of large masses of these strata 
with their characteristic fossils within a great Tertjary volcanic nock in the island of 
Arran.'' On the cast side of the country large quantities of chalk flints scattered over 
Aberdeenshire probably indicate that the Chalk lies not far ofl' under the North Sea in 
continuation of its extension in Denmark. A considerable list of fossils has been 
obtained from the Aberdeenshire tracts, indicating that they have Iteen derived from 
more thAn one horizon in the Cretaceous series. The specir'ens collected at Moreseat 
have clearly come from Lower Greensand, Gault, and Upper Greensand strata.'* 


^ R. Tate, Q. J. 0, S. xxi. (1865), p 15 ; Barrois, ‘Recherches sur le Terrain Cr4tac4 
Sup4rieur de I’Angleterre et de ITrelan^e,’ UWe, 1876 ; W. F. Hume, Q, J. O. S, liii. (1897), 
p. 540. 

^ Judd, Q. J. 0. S. xxxiv. p. 736. ^ See note on p. 1187. 

* 0. Shannan and K T. Newton, Oeof. Mag. (1896), p. 247. A. J. Jukes-Browne and 
J. Milne, op. cit. (1898), p. 21. 
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Kod Btlginn.— The Creteoeons eyetem lo exteneively deroloped in weetera 
Europe ie dietributed in lei^ beaine, iK'hich, on the whole, correspond with those of the 
chief rirers. Thus in France there are the basins of the Seine or of Paris, of the Loire 
or of Tonraine, of the Rhone or of Provence, and of the Garonne or of Aquitania, in* ** 
eluding all the area up to the slopes of the Pyrenees. In most cases, these areas present 
such lithological and palaeontological differences in their Cretaceous rocks as to indicate 
that they may have been to some extent even in Cretaceous times distinct basins of 
deposit. 

A twofold subdivision of the system is followed in France, hut with a difference of 
nomenclature and partly also of arrangement from that in use in England, as shown in 
the subjoined table 


* From Mons in Belgium, where the deposit is typically devolo^^ed. 

* Well seen at Maestricht. “ From Clianii)agne. 

■* From Emacher in Westphalia. * From Santonge. 

* From Cognac. ^ From Angotiir>iiie. 

** From the basin of the l/)ire. From the Charente. 

From Rouen {Rot}uma<jus), ” From the Department of the Aul>e. 

From Apt in Vauclu.'w?. From Oigon, near Arles. 

From Hauterive, on the I>ake of Neuchiitel. 

From the Chateau <le Valengiti, near Neuchiitel. 




aiXATUfKJLFmVAL QEOLtJ^T 





•0»#rAOM. 

9. r»uK» jon Bslmivm. 

S.*!. aao 8. Frauci. 



Moiitlen.i* 

Calealro picolitiquA, Calcaire 
dc Motia. Ttilfwu de CIply. 

Caicaire A Ltfchnun de Roxnac. 


i 



Craia A lignites d« FuTeao. 


1 

MtMti riehtii'ii.3 

CalcairA A BacuUtM du Coten- 

Calcairea nuuneux A HemipnettBttn. 






tin. Crain do Moestricht. 



CRinpanien.-'* 

Craie de Meiidoti. 

(^Icaires A grands nidistes. 





(/ntie de Ueim«. 

.Mamna et calc. A Hippuntes iUlu^ 






tat Hi. 

t) 

V 

1 

1 


Santoiilcii.A 




s 


t'niie A Martupitu. 

Caleaires A hippiirites. 


1 

•c 


('rain A Mirr. eor-anauinitm. 

Craie A M. cor-UMminaHum 

(ires A Achltiidea. 

V 



Conitclart.^ 

Calcaires A hippiirites. 

4 




Craie A M. hrtvU. 

(ires kMiertuttr brtvU. 

A 

P 

00 


I 

M 



Couches A flippuritfs Zurcheri. 

« 


AiiKtiiiinicn.7 

('rale manieiiHe A Micr. brri'i- 

(-’ale. A Hippiirite* etirnui'oedaum ! 


i 

a 

£ 



}wni», et Tereb. ijraciHf. 

et grAs Inf. de Murtiiis. | 

Calc, A Bimilutlitfi rornuptistorU. 
(Jri*s d’Ucliaiix. 


3 

H 

MKj'rirn^ 

Craie iiwriieiiHe n /Moremmua 

Marnes A nucleolitns 





InhiiiiU't. 

Calc. A ,(mw. nodosoidf*. 


c 

C«rfliitonl(»n.8 

Crain KlnncoiileiiM dn Nor- 

Calc. M'aprinaiuli'fim et gres de 





inaiidie. 

Moiidragoii. 


1 

KotliotiiRK'*'”.'® 

Martiei A St'htn'nhOfhia rastratn 

Zon»» A .1 northopyi/m m biculati'*. 






Zone A .Item. .)f/ilittll{. 


' s 

11 Srhlii'iihitekttt iinlinUt, 

Calralre glnnroiiieux de Clan- 


d 

(JaU’ftlre manieiu. 

siiyes (Ik^w/x'fntx inlUttiiui). 


1 

< 




(Jics et calr.iirei do Clnrs. 





Jl KA. 




SHbI«H li Acanthiufmf imtUtianum., 

Marnes do Gargas. Calcaire A 


d 




iii’lflocrrrM et Oiitren w/ittla. 
Mames A BtUnnites MmicancUi- 






rnlatug. 


Pt 

< 

CRloairp, Ac., i\ nicfttulo^. 

Calcaires A TofirflAia, Aneylocfran. 

V 

m 

** 


M*rn»'8 A <»rl»iti>Uii*»a et (iilcjurcs k IHcrwcn"! 

(^Icaire A Rtqaieniti {Toucaaia) 

a 

Id 


et A Rftfnirnui (ToufOMa) lonMlalri (R)iod«iiit>n). 

iMutiaUi. 

y 

,”S 

rRlcAirsA Ilrot/ If nid ammonia. 

(^Icaire a MacroaeapAitta Yvnni et 

li 

5 




Criownw. 

0 

« 


1 llauterivifn.14 

CUoaire Jaune (NeiichAtel). 

Olcaires A CrtorraA Dumli et 






■w 

« 




llu-nea de lUiiterive. 



1 






E 

V«Uiigiiit«n:>B 

Llmonite de MAUbief et ml- 






caire roux A FwiriMraa roe- 
f niftM, Bdmn Uen jMiUi/brmit, 





S. dUaiatvf. 

CAleaire A jirnnabM* SAti/i«r( 

Mames et Calcaires mameax A 






(NflMon Leviatkan), Nftinmi 
plpoaleo. 

Ainwonites femigineuaea. 


For fbotaotm aoe pnvioiu p«ge. 
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. Firom this Ubia it will be peroeived how merked a lithological diflfeience ia traueabla 
between the Cretaoeoua depoeite of the north and south of France. The northern area 
indeed ia linked with that of England, and waa evidently a part of the same great baaiu 
in which the English Cretaceous rocks were de|)oaited. But in the aouth, the aapeot of 
the rocks is entirely changed, and with this change there is so marked a ditferenoe in 
the accompanying organic remains as to Indicate clearly the separation of the two 
regions in Cretaceous times. 

Lower Crktaceous (lNyiLt-cKtTAi'£i.--Ncocomian.*— This division is well seen 
in the eastern part of the Paris basin. The lowest dark marl, resting in egularly on the 
top of the Portlandian series, indicates the emersion of the^e roi'ks at the closo of the 
Jurassic period, snd may represent the Valangitiian stage. It is follo\vi«d by fenuginona 
sands, calcareous blue marl, sjiatHUgus-limestones, and yclluw msrU ^sbuumling in 
Echintfspaiugus {ToxatAer) coinplanatus, Kjcogifm Couloni, liaipayiHlrs {PUriKcm) fifhigi, 
Jloplites radialus, &c.), the whole having a thickness of 12.^ tu 140 (eet, and representing 
chiefly the up{ter or Hauteriviau sub-stage. Much more ini)K)riinl is the de\elopment 
of the Neocomian de^wsits in the southern Imlf of Franee. Tluy piesent there evidence 
of dee|)er water at the time of their formation. The Nomdiatel type (p. 1204) i.s pro- 
longed into the uortheni part of Danjihine, where it is seen in a group of limestones, 
with Exogxjra ('ouloni, &c., in the lower, and ToiastAr amplunatus, kc., in the upj»er Wds. 
Southwards the limestones are mostly iepla<-ed by umrlH, and the wliole at tlrcnoble 
roaches a thickness of more than 1600 feet, resting on tlie upper Juitissic limestoneH 
with Tcrfbratula diphyuidfs, and sepaiable into n lower or V’alanginian group, with 
Ifarpuyodes jfciagi, (htmi Couloni, 0. macropUrn, l'iiyunt» Ac., ami un upiier 

or Ilanterivian group, with Hoplites radiatu^, II, ItojHibltnua, Crwcfrua />Mtvi/t, lUlcmnitca 
dilaiaiua, Rhynchonrlla peregritia, 

Urgonian. — This name was given by D’Orbigny to a seiies of mnsKive limeHtonoR 
(ll.'iO feet) develojjed at Orgon in the lowei valle) of the Durame, and murkeil by the 
pieseuce of JklemnUvahdus, ll. <hlala(uH, in the lower part ; EhDtoapiUtnjvs rumpfanutiia, 
E.iogyra Cou/oai, Neithca {Jdiiini) atarn, A;c., in tlie cential thickest jxwtlon ; and 
Echinoapatayu,H nrordtanva, Ancyl<)Cira.t, &.C., in the up)ter Imnd, The 

Caprotina limc.stonc of Orgon is a nia-NSive white loek, somctinics 1000 feet thick, 
remarkable for the abundance of its hip]iuntids, Ikynuam ammoinn, li. {Tov^-aaia) 
Lonadtiki, II. yryphouim, gigantic tonns of A'ennH’a, and corals. This type of .nedi- 
mentation is so local in it.s occui rein e, and i.s so apt to reapjjcaj on different horizons, 
that some geologists have advocated the abandonment of the U*rm I'rgonian ami the 
adoption in its place of “ Hairemien,’' from Baiicnu* in the Hasses Alj>e.H, where a group 
of straU above the Hauteriviau stage i.s well develoi»ed, and contains a distinct i»elagic 
fauna, which, however, is not found in the north of Kinoi*e. At Harreme the group 
consists of lower white marly linie.slones. and an upjK-i grey marly limestone, wdth 
Mdi'/'oaaiphitea Irani, Urstufu'eriis tlijfinlr, lytort ms PltcAua, Phyl/tKeraa in/utuiibnium. 
The more argillaeeous and ^andy type of sediment, wliich is shown in Knghnul by the 
Alherfield Clay and its equivalent.s, extends into the uortheni ( 'n taceoua basin of France, 
where it a|q>cars in a series of sands and clays which in Haute Marne are Iroin 60 to RO 
feel thick, and contain Kchinoapifayus (Torasbr) rkardeanvs, (Mtrca Lrynunei, 4c.“ 

* See D'Archuu-, Alfni. Fniwr, 2« »«r. n. p. 1, Kaulm, vp. nt, p. 219. 

Et>ray, Bull. Sor. (ifvl. Fnttue, 2« ser. xvi. p. ‘Jl-I ; xix, p. 184. (’onmel, lUdl. Stc. OM. 
Franee, 2« a^r. xvii. p. 742 j w'r. ii. p. 371- H«t»ert, <p. cit. 2« ser. xxiv. p. J23 ; xxviiL 
p. 137 ; xxix. p. 394. C'o<|uand, op. cit. xxiii. p. SOI. Houville, op. cd. xxix. p. 723. 
Bleicber, op. cit. 3» ser. ii. p. 21. Tonca*, op. at. iv. p, 315. Kilian, op. cd. xxiii. 

* Professor De I«ap(«arent (“Traits''," 4th etiit. p. 1313), l»racketH the “JhinHeld Beds” 
and the Alherfleld Clay os the English (sjuivalents of the Baireudan stage ; but, at already 
pointed out (ante, p. 1185), the **Pun(ield Beds” have no exisience, apart frotii the general 
mass of the Lower Greensand to which they belong. 
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the typical dietrict ronnd Apt in Vaueliue, this stage consists of 4 
loircr group of blue marls (Mariies de Gargas), with Plicntvla jT^unea, ffopHia 
Jhtfrma^, PlacerUicercu Ainu, Ontrea aquila, BeUnxnites itnxieanalicttlaUu, followed by 
yellowish marly limestone with Ancyloceras retxauxiaimm and Oitrea aquila. The stage 
swells out in the liedoule to a thickness of nearly 1800 feet, consisting of marly lime* 
stones and marls in which uncoiled ammonites like AneyloceroB are 8])ecially conspicuous. 
Among the more prominent fossils in the lower part are species of Plicatula with 
Ancyloceras Matheroni and Hoplitea Jissicoatatus ; in the upiier iwrt come Belemnitca 
HmieanaliculatuB, DmvUleieeraa eomuelianum, Placenticeras Nixua, Hoplitea Phifrenoyi, 
&c. In northern France the Aptian stage is chiefly clay, with Plicatula placunea, P. 
radiola, hence the name *‘Argilea Plicatules." Near St. Dizier, Haute Marne, the 
lower beds are likewise characterised by Terebratula aella, Oatrca aquila; the middle by 
Doumlleioeraa eomuelianum, Ancyloceraa Matheroni ; the upper by Placenticeras Niaua, 
Hoplitea Deshayesi, 

The English type of strata from the Weald upwards is prolonged into France. 
Fresh- water sands and clays (with Uiiio and Cyrena), found above the Jurassic series in 
the IJoulunnais, evidently represent the Weald, and are covered by dark green clays and 
sands, wliich are doubtless a continuation of the Folkestone beds, and by a thin blue 
clay which represents the Gsult. Again, in the Pays de Bray, to the west of Beauvais, 
certaiii sands and clays resting on the Portlaudian strata represent the Wealden series, 
and are followed by others which may be paralleled with the Urgonian, Albian, and 
Gault.* 

In Belgium the Cretaceous system is underlain by certain clays, sands, and other 
deposits belonging to a continental period of older date than the submergence of that 
region boneutli the sea in which wore deposited the up|)ermo8t Neocomian beds. These 
scattered continental ilojiosits wore gron|»ed under the name of “ Aachenian,” ^ for which 
is now substituted “ Bernissartian." That at least some ])art of tiiem belongs to older 
Neocomian time, and may be coeval with the Weald, may be infened from the remark- 
able discovery at Bevnissart, already alluded to, wlicre, in a buried system of Cretaceous 
ravines, remains of the terrestrial and Iluviatile life of the time have been well pre- 
served [ante, p. 1175). The deposit in which these remains have been found consists 
of fluviatiie sands and clays lying under the Chalk, which has been pierced in order to 
reach the Coal-measures Indow. Tlie fossils include the complete skeletons of more 
than twenty individuals l)clonging to at least two species of Jquanodon, together with 
numerous turtles and fluviatiie fishes (Lepidutua, itphio^ma). The plants include a 
numlwr of ferns (Sagcnopleiis Mnntelli, MatoniUium Goepperti, Lacdqderia Dunkeri, 
Onychiopais Mantelli, llxtffordia Oapperti, IVeichaelia Mantclli, Sphenopteris, Clado- 
phUbia), and some conifers (Pxnitea, Conitea).^ 

UiM'KK Crktaokous {.SftuiB SuPKA-cu^TAcfcE).-— The Up|)cr Cretaceous rocks of 
France have been the subject of prolonged and detailed study by the geologists of that 
country.^ The northern tracts foi-m part of the Anglo- Parisian basin, in which the 

* Wealden deposits have been describcsl as occurring even as far south as the province of 
Santander, Spain. A. Gonzalerz de Linares, Ami iioc. Kaj). Jliat. Hat. vii. (1878), p. 487. 

® On the Aacheniau deposits see Dumont, ' Terrains Cretaces et Tertiaires ’ (edjted by 
M. Mourlon, 1878), i. pp. 11-52. Mr. I*nrves of the Belgian Geological Survey proposed 
to substitute Bernissartiau *for Aachenian to distinguish the Belgian deposits from the very 
distinct ayd later type seen at Aix-la-Chapelle, BxUl. Mua. Roy. Hat. Hiat, BAg. ii. (1883), 
p. 163. See also E. Van den Broeck, BuU. Soe. Belg. iSM, xiv. (1900), p. 46. 

» K Du)K>nt, BuU. Acad, R, Belg, xlvi. (1878). p. 387 ; h Dollo, Bull, Mua. Roy. 
Niat, Hat. Brussels, ii. (1883), p. 303; A. C. Seward, Mem. Mua. R. Hiat. Brusaeli, 
i. (1900). 

* Notably by MM. Hebert, Toucas, Coquand, and Coruuel. As alre^y stated, cousider.- 
able differences exist among French and Swiss geologists ss to the nomenclature and the lines 



tapper CratacMov fodca or flelgium tnd.Sngltnd w«n hid down. Tho nno imUsonto* 
logical cbaracUrt, and even in great meaeure the same lithol<^cal composition, preraU 
over the whole of that wide area, which belonga to the nortliern Cretaceous province of 
Europe. Apparently only during the early part of the Cenomanian pcrio»l, that of the 
Rouen Chalk, did the Anglo- Parisian basin tMinmunicate with the wider watei-s to the 
south, which were bays or gulfs freely o)»euing to the Atlautie. In these tracts a 
notably distinct type of Cretaceous dejmsits was accumulated, which, l)eiug that of Urn 
main ocean, covers a much larger geographical ai*ea and cuntaiitH a much moit> widely 
diffused fauna than are presented by the moiv limited and isidated northern luisin. 
There are few more striking contrasts between coiitem|K)rsneously formed kk'Ich iii 
adjacent areas of deposit than that which meets the eye of the tmveller who crosw's from 
the Itasin of the Seine to those of the Ixtire and Caroniie. In the north of France and 
Belgium, soft white chalk covers wide tracts, presenting the same lithological and sccUic 
characters as in England. In the centre and south of France, tho soft chalk is replaced 
by hard, craggy limestone, with comparetively few aamly or clayey beds. This mass of 
limestone attains its greatest development in the southern {vart of tlie doftartnient of 
the Dordogne, whore it is said to be about 800 feet thick. The lithological tlifferencea, 
however, are not greater than those of tho fossils. In the north of France, Ih-lgimii, 
and England, the singular mollniican family of the Rudista* ( Hippuritida* and Radiolitidns) 
appears only occasionally and siwradically in the CreUceous rocks, as if a stray individual 
had from time to time found its way into the region, but without being able to establish 
a colony there. In the south of France, however, the hipi*urites 0 (.cur in j>ro<iigious 
<{uantity, often mainly composing the limestones, hence mlled liippmite limestone 
(Ru<ligten-Kalk). They attained a great si/c, and seem to have giown on extensive 
banks, like our modern oyster. They apjiear in successive 8jM*cics on tlie different stages 
of the Cretaceous system, and (Tin k* used for marking pabeontological hoiizons, as the 
cephiiln|)ods are employed clM'wliere. Rut while these laiiicllibranchs played ho im- 
]»ortunt a part throughout the Cretaceous |»erio<l in the Ho\ith «d’ France, the numerous 
ammonites and belemnites, so characteristic of the Chalk in the Anglo. P.irisian lawin, 
were comparatively rare there. The very distinctive tyj»c of hippurite limestone has ao 
much wilier an extension than the northern or Chalk ty|M* of the npjKT Cretaceous 
system that it should be regaidcd as really the iioimal devidopment. It lange.s thioiigh 
the Alps into Dalmatia, and round tho great Misliterranean basin far into Asia. 

Albian.^ — Tlie thin blue clay nkive alluded to .as representing the English (fault 
in the Roulonnais contains such reprosenlativ** fossils a.s bnm'iUrkaax in4t)iniu/lalum, 
HupliUji interruptua, SchluinbdchU rostnUa, Limrainua .Huimtas, and Xvrulu hivirfptta. 
The same sedimentary facies can be followed into the Paris liasiii, where the Albian stage 
consists of a lower green pyritous sandy niemlier (Sables verts), 30 feet thick, covered 
by an up[»er argillaceous band wliich represents the English Cault. These dejiositM con- 
tinue the English type round the northern and eastern margin of that hosin. They have 
lieen found in deep wells around Paris. In the valley of the Meuse and in the Ardennes 

of demarcation between tlie Upjitr Cretaceous formations, arising in great part frern the 
varying aspect of the rocks themselves, according to the region in which tin y arc studied. 
I have followed mainly M. Ht'krt, whose suggestive inemoirH ought to be carefully read by 
the student. See especially his “Undulations de la t’raie dans le Jtassin de Pans,” /f. tS. 
a. F. (2) xxix. (1872), p. 446 ; (3) id. (1875), p. .512 ; and Ann, .Set. f/frl vu. (1876) ; 
“Description du Bassin d’Uchaux,” .4an. .Set. dM. vi, (1875) ; “Teriain Crctace des 
Pyrenees,” B. S, U. F. (2) xxiv. (1887), p. 323 ; (3) lx. (1880), p. 62. The progress of 
the study of the zonal distribution of fossils has introduced a nuinljer of minor sulxlivitioua, 
and has given much oMistance in the correlations of the formations in widely ae|Mrated 
districts. 

* See, besides the works already cited, Barrois, B. S, u, F. 2* s«r. iii. p. 707 ; Ann, Sot, 
OUL, du AW, ii. p. 1 ; v. p. 284 ; Renevier, B. S, d. F. 2* th. il p. 704. 
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the eUge censbU of three eubdivisiona : (1) a lower green Band {Ikmvilleiceras ihamih 
latum), with i)hoai)liutic nodulea ; ( 2 ) a brick clay with IlopliUs latUuit, ff. lubereulatm ; 
(3) a {joroua calcareous and argillaceous sandstone {Oaiu), containing a large percentage 
of silica soluble in alkali [Schltxnbachia To$trata, &c.). 

Cenomanian (Craie glauconieuse).— According to the classiecation of M. Hebert 
this stage is composed of two sub-stages : Ist, Lower or Rouen Chalk, equivalent to the 
Upper Greensand and Grey Chalk of Kngland. In the northern region of France and 
Belgium this sub-stage consists of the following subdivisions : n, a lower assise of glaucon- 
itic beds like the Knglish Upper Greensand, containing Schlmnbtichia rostmta below 
and Pecteii aiiper above (“ Rothomagiau” sub-stage) ; 0, Middle glauconitic chalk with 
TurriliUa tuU.rcnlatus, Uolaster atrituUua, Ac., probably equivalent to tlie English 
Glauconitic Marl and Chalk Alarl ; c, Upper hard, somewhat argillaceous, grey chalk 
with Jfolaater subglobosua ; the threefold subdivision of this assise already given, is 
well develoiKjd in the north of France ; </, Calcareous marls with Adinocaoiojc plenus 
(“ Carcntonian ” suh-stugej. 2nd, Up|>er or marine sandstone ; according to M. Hebert 
this sub stage is wanting in llie northern region of Fiance, England, and Belgium. In 
the old province of Maine it eonsists of sands and marls with Anurthopygus orbicu- 
laris, (htrea cofuiuha, Trujoniu crcnulala, Acunthoceras rothomayetm, &o. Further south 
these stmta are replaced by limestones ^vith hippurites {Caprinu adicrsa), which extend 
up into tiie I’yienees and eastwaiils across the Rhone into Provence ’ Around Marseilles 
the stage has at its base a coarse sandstone {Acunthoccras Manfdli, pcctniaspcr, Hulaster 
subijlohsua, Orhifoliua cmatru). Higher up come the hipjiurite limestones, with Caprina 
adiciau, and in their middle a /one of marls and lignites. 

Turonian (Craie mariieuHe).*’*— Tliis stage presents a very diH'erent facies according 
to the pait of the country where it is examined. In the northern liasin, according to 
Al. Hebert, only its lower portions oeour, separated by a notable hiatus from the base of 
the .Sennuian stage, and consisting of marly chalk with Imn'cndnuH labuitus, 1. Jirony 
uiiirh, lihynchouella Cuvicri, Mauiutifes utHlosoulrs, M. rujtluus, Pncinjdimia pentmplus, 
Tr ir brut III iiu( yiwiliH (“Ligerian” .suh-.stage). He placed the /one of Uolaster pin, ms 
at the base of the Smonian stage, and believed tliat in the hiatus between it and the 
Turonian bed.s below, tlie greater jiart of the Turonian stage i.s really \\antlng in the 
north. On the other liand, Dr. Barrois and others would rather legard the zone of 
Holadrr pinuns as the top of the Turonian stage (“Angoumian ’’ suh-stage). In the 
north of Franee, as in England, it is a division of the White Chalk, containing Pnehy- 
discus jn'nniiplus, Hcnphitrs If’rinUzii, Spomlylus spiuvsus, Jiioccrnhms inugidrahts, 
Trrebrutulg scmiylotma, J/daster plauus, I'rat, teulites nmnhjt , us, Ac. Strata with 
Jnoerramus Inbiatus, marking the luise of the Turonian .stage, can be tiaced ihnuigh tlie 
south and south-ea.st of France into Swit/erland. These in Pi ovenco consist of marls 
with MinniuUts lUMlosoitlrs, wliich are ooveied by mails, sandstones, and massive liracstone.-i 
with Oslrm columbit and enormous numbers of hippuiitcs (I/ippuritcs corny mccinum, 
Birntfiolitrs conm-jtastoris, Ac.). These hippunte limestones sweeji across the centre of 
Euroiw and along both sides of the great .Meilitcrraman basin into Asia, forming one 
of the most distinctive landmarks for the Cretaceous system. A di.stinguishing feature 
of the stage at the Etang de Borre is the presence in it of a laminated clay containing 
leaves of dicotyledonous jdants {Myricn, Maymdxn, Salu'), together with cycails and 
conifers. 

* Se^ the memoir on tlie Upiwr Cretaceous Rocks of the basin of Uchaux (I’rovcuce) by 
Hebert and Toucas, .Ina. Aciences UiU. vi. (1875). 

* For a reHew and parallelism of the Turonian, Senonian, and Danian stages in the 
north and south of Earo|)o see Toucas, B. S. O. F. S** set. x. (1882) p. 154 ; xi. p. 344 ; 
xix. p. 506 ; for a general description of the formations in the south-east of France, see 
Fallot, Abu. BeL OM. xviil. 1, 1885, and B. S. O. F. (3) xiv. (1886), p. ]. The memoir 
of M. Orossouvre citeil on p. 1181 should lie consulted for the Upper Gretsceoua formations. 
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Senonian.-oThit stage is most fully developed in the northern baain, where it 
eonaiata mainly of White Chalk in two divisions : 1st, Lower (Emsoherian), separable into 
two sub-stages, in tbe lower of which (Coiiiscian)Aftcrai>^er cor'tetiudi%ari%w, and in 
the upper (Sautoiiian) M. cor-art^uinutn is the prevalent urchin. The same palaeonto- 
logical facies occurs in these as in the corresitondiiig strata of England. 2nd, Up^ter 
(Caiu{)auian), Belemnitclla sub-stage, forinod of the Heims Chalk below with ActinocaMax 
quadra/u3, MicmtUr faMujatut, M. glt/plus^ and the Chalk of Compiegne and Meudon 
above, with BdemnittHa mucromta, Magas pumtlm, Micrasttr Browjgniarti, Ostrta 
vesicularis. In the south and sou tli -east of France the corres|K>nding bofis consist ot 
limestones, sandstones, and marls, with abundant hippurites, and also include some 
fresh-water deitosits and Imls of lignite. 

Keference may hca> be made to the marked abundance of phosphate of lime in some 
parts of the chalk in northern Kranc**^ and Belgium. The white calcareous chalk 
ocoasionally becomes grey in colour from the abundant grains of phosphate of lime 
disjfcrsed through it. This structure is particularly develu}H«d in Ticardy at the baso 
of the zone of Ai'l inoramax giuuiraiiis, and osiaTially at the )>uttoin of synclinal folds of 
the strata. It is local and lenticular in its cH.-ouirence, but it has given rise to an active 
industry.* 

Danian. — This sulslivision of the ('rciaceou.s Mystcm is specially dcvelo[HHl in the 
iiortliern liasiii. In the neighbourhood of Fiiri-s ami iii the deitartment of Oise and 
Marne, a rwk long known as the “ Pi.solitic Limestone'* occurs in |»aU'hes, lying uiioon- 
formably on the different |)arts of the Chalk. It ha.s bi-cn ascertained, however, that 
these outliers are not all of the same age, and that some of them belong to the very latest 
parts of the Cretaceous scries, or form inissage-beds into the Tertiary furmations.^ The 
long interval which must have elaj«ed bt*twe<*n the dejKwition of the highest Benoiiian 
bisls and the.se limestones Is indicated not only hy the evidence of great erosion of the 
Chalk, hut also by the niarkeil jahcontologienl fueak Iwtweeii the tw’o rocks. The 
general aHjict t of the fotvsils resembles that of the older Tertiary formatioiiH, hut among 
them are some undoubte<i Cretaceous s|K*eieH. In what are regarded as the oldest of 
these de[)o.sits (Montereau and the Bois d'Esiiians) they consist of hard, somewhat 
coarse-grained limestones with guadi irustata and Xaufilus /teberliniis. The rest 

of them, gioui»ed in the latest (Montian) sub-stage of the Cretaceous sysb’in, have a lower 
divi.sinn of eoneretionary lime.stones, mainly built up of ealcareou-s alga? (/.iV/mf/tainniMw) 
with VlcKrofoiitariu ih nuUuna and large forms of Onthutm, Xnthca quadricostnla, Lima 
tecta, XuiUilns duiiieus, associated with a number of later typs found also in the iipjier 
division. This lattei {lortuin of the seiies comprises t)ie Caloaire de Meudon (d or 7 feet), 
surmounted by m&rls that have been formeil by the decay of the liiiieHtone. This 
calcareous banil is maitily formed of foraminifera, echiiiids {Cidaris TomUch, (ionwpygus 
minor) with some calcareous alga;, large CerUhiinn, TnrUella nmntensis, Pmuiolim 
rohusta, Milm Ikwedg^tci, Kciniiants of a fresh-water formation are found at the top, 
shown hy the occurrence of Virtpanis, I’hysa, and otlier lacustrine sbells. 

In the south-east of Belgium the Danian .stage is well ex|x>he<l, resting unconformably 
on a denuded surface of chalk. In Hainault, it consists of suci«ssive bands of yeliowiah 
or greyi-sh chalk, bfjtwecn some of which thei-e are surfaces of denudation, with prfora- 
tions of boring mollusks, so that it contains the ie<’urdH ot a prolonged prifsl (Tuffeau 
de Ciply, Calcaire de Mons). The Tuffeau de (M|>ly lies on the piiosphatic White Chalk 
with flints forming the top of the Senonian stage. It is a pic limestone, which in the 
lower prt {Tuffeau dr Bt. Sgmjdtorun) contains an obviously Cretaceous faunf, iiiclud* 
ing Bdemnitella rnnenmata, Baadites Fanjasi, NriUixa guadneostata, Terrhrainla carmea^ 

* J. Gosselet, Ann. B»e. Uai. Nord. xx. (1893), p. 371 ; xxi. p. 2 ; xxiv, pp. 109, 119; 
xxix, p. 65. M. de Mercy, B. S. (J. F, ser. xv. p. 719, J. Comet, Ann. Hoc. UM. 
Beige. xxviL (1900). 

* Meanier Chalnias, B. S, (/. F. 3* ser, xxv. p. 82. 
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Orania ignabergetmi. The upper pert, though like the lower in litholc^eal ehereoter,’ 
oontaine e remarkably different fauna, coneiating largely of gasteropoda like thoae of the 
Mona limestone, while biyozoa abound in certain layers associated with echinids and 
braohiopods of Cretaceous apeoies. The Calcaire de Mons, which reaches a thickness of 
about 800 feet under the town whence it takes its name, lies on the White Chalk, and 
is immediately overlain by the Tertiary formations. It is a coarse, yellowish limestone 
composed of foraminifora, calcareous algte, and other organisms, which have a strikingly 
Tertiary aspect, since they include species of Triton, Fxmis, and Pseudoliva, together 
with fresh- water or terrestrial forms, such as Pupa, Physa, and Bithinia.^ 

Another well-known re])resentative of the highest Cretaceous deposits in the Franco- 
Belgian area is the chalk or tuffeau of Maestricht. As at Ciply and Mons, it is 
separated from the Senonian chalk below by a gravelly layer indicating considerable 
previous erosion of the older formation. It has yielded a remarkably abundant fauna, 
including many familiar upper Cretaceous nimdei—BeUmnitella mueronata, Baculites 
Favjofti, B. anc^ps, Nautilus Dekayi, Beaphites constrictus, Ostrea vesicularis, Crania 
ignahergensis, Trigonosemus {Fissurirtalra) Palissii (characteristic), HemipncuUes striaio- 
radialus, Cidaris Faujasi, numerous bryozoa {Eschara and other genera), some hippuritea 
{HippuriUs Lapeirousei, Splurrulites Hesninghausi), llshes {Acrodua, Corax, Enchodus, 
Otodus, Pycnodus), and the remains of the last of the great Cretaceous niosasaurs. 

The later members of the Cretaceous system, representing perha{>s the i)eriod of the 
Maestricht Chalk, emerge from under the Tertiary formations of the vast Aquitauian 
* plain. In the dcfiartmonts of the Cliarentea the so-called " Dordonian ” sub-stage, which 
is paralleled with the Maestrichtian, is well developed in a mass of limestones about 
250 feet thick, containing numerous hippurites together with Hemiaster prurulla, Ostrea 
larva, 0. aeutirostris, Bphenodiscus, Paehydiscus, Seaphites. At the top of these 
marine beds lies a group of sandstones about 50 feet thick, which show traces of the 
advent of fresh water. The evidence of this im|>ortant geographical change becomes 
still further marked to the south-east in Provence, where there is striking proof of a 
gradual shallowing of the Upper Cretaceous sea, until that area had become a fluviatile 
or lacustrine tract, in which during the later stages of the period a mass of fresh-water 
strata more than 2600 feet thick was accumulated. This enormous development of sedi- 
ments consists of limestones, marls, and lignites grouped in the following sulHlivisions : 
(«) Lower limestones with Bulhnus prohvscidem and Cychphorus HebcHi ; {b) beds with 
lignite which at Fuvoau are more than 1200 feet thick j (c) limestones with Lychnus, 
Physa, Cycloplwrus, Aimtomopsis ; (d) reptiliferous sandstones and limestones with 
L^nus, Physa, Ac. The second group of strata (5) shows a remarkably thick accumu- 
lation of fluvio- lacustrine deposits with numerous seams of lignite or coal (some of 
them 5 feet thick), bones of crocodiles, and numerous fresh-water or estuarine shells 
(CerUhium, Melanm, MeUi'nopsis, Unio, Cyrena).^ 

Oarmany. —The Cretaceous deixwits of Germany, Denmark, and the south of 
Sweden were accumulatetl in the same northern province with those of Britain, the 
north of Franco, and Belgium, for they present on the whole the same palicontological 
succession, and even to a consideiwhle extent the same lithological characters. It would 
apiHiar that the western part of this region began to subside before the eastern, and 
attained a greater amount of depression beneath the sea. In proof of this statement, it 
may be mentioned that the Neocomion clays of the noidh of England extend as far as 
the Teutoburger Wald, but are absent from the base of the Cretaceous system in Saxony 
and Bohemia. In north-west Germany, Neocomian strata, under the name of Hils, 
appear at many points between the Isle of Heligoland (where representatives of part of 
the Speetou Clay and the Hunstanton Red Chalk occur) and the east of Brunswick, 


^ MM. Rutot and Van den Broeck, Ann. Soc. (JM. Beige, xii. xiii. ; Cornet and 
Briort, B. S. O. F. 3** s4r. ii. 

• Matheron, Bi S. O. F. 2®* scr. xxi. ; 3** s^r. iv. : Collot, op. eii, xix. 



indiflttiv* of wh«t mi, doabtloM» origtnoUy • oontinQoiu dopodit In Haaoror, thty 
oontitt of a lower wries of conglomerate (Hila^cuiiglonierat), end an upper grotip of 
claja (Hila-thon). Appearing on the flanka of the hilla which rise out of the great 
drift-covered plaina, they attain their com{tlet«8t development in Brunawick, where they 
attain a total thickncaa of 450 feet, and consist of a low’er group of limestone and sandy 
marls, with Echinaspatctgxtt {Toixa^Ur) «nttplanatti$, J£a>yym Couloni {nnuata), J^y- 
ptidiiU* bidicholomvs^ Oicostephanus {AtUieria) astusnania, and many other fossils ; a 
middle group of dark blue clays with BeirmniUs bmmiicnws, Haceniisema Nunu, 
Crioeerag {Ancyloceroi) Emcrici^ Exogyra Couloni (stMV4i/a), Ac., and an np|)er group of 
dark and whitish marly clays with DouvUleiceraa MuHtni, Hoplite* Ikahayrti, Flacenti- 
eeras JVtsus, BrlemniUs Etmldi, Tojcoeertu f rvyerutnum, Crioc^raa, Ac.’ Below the 
Hils-tlion in Westphalia, the Harz, and Hanover, the lower parts of the true marine 
Neocomian series are replaced by a massive Huviatile formation corresponding to the 
English Wealdeii, and divisible into two groujts: lat, Deister sandstone (150 feet), like 
the Hastings Sand of England, consisting of fine light yellow or gn‘y sandstone (forming 
a good building material), dark shnlcs, and seams of coal varying from mere partings 
up to workable seams of three, and even more than six, feet in thickness. These 
strata are full of remains of terrestrial vegetation {Eguisrtum, Bairnt^ Olraiuti'ulium 
Litccoptfria, Sdgcnoptrris^ A uomow mites, herophyllum, IWouimilcs, ami a few conifers), 
.also shells of fresh-water genera {('tjrena, Vtvi}mr\ia), cyprids, and remsina of Ixpiiiotus 
and other fishes ; ‘2nd, Weald Clay (05-100 feet) willi thin layers of sandy limestone 
{Cyraw, (7nio, Vivipanin, Melania, Cypris, Ac.).* The (Jault (Aptian and Alhiaii) of 
north-western Germany contains three groups of strata. The lowest of these consists of 
pale clays and marls (Gargas Mergel) with BeUmmtes Ewaldi, Lhu nlUiceras Martini, 
ffoplUes Dishiyesi. The middle (/.one of lidemnUrs iifromberki) consists of a lower clay 
with Acanthaceras viUhtianmn and an upjwr clay with Jioplilrs tartie/ureahu. The 
highest contains at its base a clay with Bekmaites mintmus, and at its toj» the widely 
diffust'd and characteristic “ Flaiuineiimergel a pah* clay with dark fhune-like streaks, 
containing the zone of Sekhrnbarhia rostrata, flopliks lautus, Ac.^ In the Teutoburger 
Wald the Gault becomes a sandstone. 

The Upper Cretaceous rock.s of Germany present the greatest lithological contrasts to 
tho.so of France and Englutid, yet they coutaiii so laige a profM»rtioii of the .same fossils 
as to show that they belong to the sumo iierhsd, and the same area of dejioHit,^ The 
Cenomanian stage ( --Unterer Planer) con.sisls in Hanover of earthy lirnestones and 

’ A, von SlroinlHsck, X. iK fi. H, u p. 402 ; xii. p. 20 ; A'. Jahrb. 1855, pp. 150, 044 ; 
Judd, (J. J. (}, S. .vxvi. p. 343 ; Vaeek, JaJtrb. <»'♦»»/. Heiebsanat. 1880, p. 493. 

* W. Dunker, * Uel>er <len norddeutsch. Walderthon, n. «. w.,' Gossel, 1814 ; Dunker 

and Von Meyer, ‘Mouograpbie der norddeutsch. WeMeihildnng, ii. h. w.,’ Brunswick, 
1846; Heiiineh Credner, ‘ Uelw die Glie«ierung der oliercn Jura mid der Wealdenbildnng 
in nordwestlicben Deutschland,' Prague, 1863; C. iStruckniaun, 'Die WealUen-Bildungen 
der Utngegeud von Hannover,' 1880 ; A. Schenk on the Wealden Flora of North Gennany, 
Pala-otUoyrapkica., xix. xxiii. ; Gugel, Jahrh. Preusa. Urol. jMmksanat. xiv. (1893), p. 158. 
A. Hosins has described the intercalation of marine Inids containing (Mrea, yvnila, 
Cue^Ulnia, and Rhizocorallium in the Westphalian Wealden series, Z. h. C. xlv. 

(1893), pp. 34-54. A. von Koonen has recently grouped the north (*«rnian Lower Cretaceous 
series in accordance with the classiflcation a<]opte<l for the formations on the north side of 
the Alps. Nachr. Oes. IFiss. QiAiinyen,, 1901, 1902, * 

* (itd. May. vi. (1869), p. 261. A. von Blrombeck, Z. Ih h\ xlii. (1890), p. 557. 

* On the distribution of the Cephalopods in the Up|>er Cretaceous rocks of north Germany, 
see C. Schhiter, Z. 1). U. ft. xxvUi. p. 457, where the formations are grouped in palieouto- 
logical zones {Geol. Mag. 1877, p. 169), and Paktontmjraphicu, xxiv. pp. 123-263, 1876. 
For tile Inocerami, Z. J). G, G. xxxix. p. 735 ; Echinids, anlr^ p. 1168. For the lithological 
facies of the Saxon Cretaceous formations, see W. Petrascheck, Isis, Dresrlen, 1 899, H4fl. ii. 
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in«rls (Planer), which traced aouthward are replaced in Saxony and Bohemia by 
glauconitic sandstones (Uiiter-Quader) and limestone (IJnter-Planerkalk). The lowest 
parts of the formation in the Saxon, Bohemian, and Moravian areas are marked by the 
occurrence in them of clays, shales, and even thin seams of coal (Pflanzen-Quader), con- 
taining abimdunt remains of a terrestrial vegetation which possesses great interest, as 
it contains the oldest known European forms of hard-wood trees (willow, ash, elm, laurel, 
Ac.). The Tu Ionian betls, traced eastwards, from their chalky and marly condition in 
the Anglo- Parisian Cretaceous basin, change in character, until in Saxony and Bohemia 
they consist of massive sandstones (Mittel-Quader) with limestones and marls (Mittel- 
Planer). In these strata, the occurrence of such fossils as Inoceramus laHatus, /. 
Brongnuirti^ l‘aehydis(nin peramplus, Scaphites Oeinitzii, Spond yhis spinosu.% TerebraMa 
Mmiglobom, Ac. , shows their relation to tlio Turonian stage of the west. The S e n o n i a n ‘ 
stage presents a yet more extraordinary variation in its eastern prolongation. The soft 
upiKsr Chalk of England, France, and Belgium, traced into Westphalia, {Kisses into sands, 
sandstones, and calcareous marls, the sandy stratii increasing soutliwards till they assume 
the gigantic dimensions which tlioy present in the gorge of the Elbe and throughout the 
j>iotiires({im region known as Saxon Switzerland (Ober-Quader).’-^ The horizon of these 
strata is well shown by such fossils os Aethuxainax qiaidraiits, Behmnitdlit vnicronata, 
NautilvH tkinicitSy MaraupUes tntvdimrius, Baui'iiueticrinus rllipticus, CrnnUi ignidfer- 
Ac. 

At Aix-la-C|ia{Hllo an exceedingly interesting development of Upper Cietaccous 
rocks has been found. Tln-.so strata, referable to the Semmian stage, consist of a lower 
group of sands with Jintceramua lobatus, Adinoenmax f/itii</nkn 9 , and abundant remains 
of terrestrial vegetation (p. 11«5),=‘ and an up{M}r group o\ marl and marly chalk with 
Belannitdh niucronqfit, Osfrm inieuhriHf Cntniu iijnobt rg< nats, Jfosasanrus, &c. 

Switzerland and the Chain of the Alps.-* -In tlie Jura,)iude.s)M'ciiillyn)und Neucluitel, 
tlio Neocomian stage is typically ilevelojKjd. Its name and those of its two .sub-stages 
have been taken from localities in that region wliere tlie\ are he.st seen (p. llftti). 
(1) VHlanginian--a group of limestones and mails (150-400 fret) with Echinosputagua 
{Toxafifer) Campidtei, BygKntH rosfratns, Ettotubus Sauficn [XtUka L* nnthon), Nerinua 
(jigank’a, Cit/aris hu'siUtt, Bdnnmfi’a pistiilijormis, Ji. difatifti/n, (h yudicf ras grcnliniium, 
Ac. ; (2) Hauteiiviau -a mass of blue marls surniountiMl by yellow i.sh liuiestone.s, the, 
wliolu having a thii'kues.s that varies up to more than 300 fret ; Edtinoapohnjua [Tuxastcr) 
rompfannt na, Coidixn, Xdth'a {Janirn) afavu, I'fma Mulldi, Xauti/us psnido- 

* The Senoman .>tage of .\.W. (rennany has recently been more specially studied with 

reference to its pala'outological zone.s. The bower .Senoniaii is ni.irked by the .ibundance of 
AifiiKh-aimt I (Bdf'mnitdhi), with . 1 . m the lower p.-irt, .1. yrnnulutm in the 

miOdle, and I. at the lop. The tipper Senoman |n .sulxlivided into two stage-s, 

of w'hieh llie lower is charactei tsed by Itcleimiitdki iniirronatu, while the upjKir (without 
lUUmnitdUi) i> regarded a-s etiuivaleiil to the Dauiun of Denniark. E. Stolley, Archiv. 
Anthfop. <»■(■«</. Si'hleHtruj-Hoht. 1807, ii- p. 271 ; 0. Muller, Zeitsd, Vrakt. (»W. 1900, p. 
397 ; /. l>. fi. a. 1900, p. 38. 

- Ct. Maas (/. Ih fr. li. (1899), p. 243) de.serilics the liower Chalk of the siib-hercyniau 
Quadersaiiilsteiii. 

* For a list of the.se {ilants .see H. von Decheii, * (leol. I'alaout. tfbersicht der Rheiu- 
provinz,’ Ac. 1884, {». 427. 

* tituder's ‘Ceologie der Schweiz.’ (iiuubel, ‘ Geogna'^tiche Ueschreib. Bayer. Alpen,' 
vol, i, p. 517 seq. ; * Geognostlsche Beschreib. des Ostbayer. Grenzegebirg, ’ 1868, p. 697. 
Jules Marcou, Mim. <Jfd. FntHcr (2), iii. P. de Loriol, ‘ luvertebres de I’l^tage 
Neocomieu inoyen du Mt. Saleve,’ Geneva, 1861. Itenevier, B. S. fr. (3) iii. A. Favre, 
ibid. Tlio Maps and Memoirs in the BtUrage z, Hfd, Karfx der Achiretfi, especially tlie work 
of Mostch, Raltzer, and BurckhoisU. Von Hauer’s ' Die Geologic der Oesterr. Ungar. Monarchie, 
1878, p. 605 et avq. E. Fraas, ‘Scenerie der Alpen.’ 
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tUffaw^ Hoplitea raJiaini, ff, leopoMiH%t»^ Olcoataphnnus (.^sfitria) aMierianua, Jhlamniiaa 
ftidiUifitrmia, B. dilatatua, kc. The Aptian and Albian stages (Gault) are rec<^isable 
in a thin band of greenish sandstone and marls which have long been known for their 
numerous fossils (Perte du Rhone, St. Cnnx). 

In the Alpine region, the Neocomian formation is repivsenbHl by several hundre<l 
feet of marls and limestones, which form a consjiicuouH band in the mountainous range 
sojiarating Berne from Wallis, and thence into cahtern Switzerland and the Austrian 
AljH (Spatangtmkalk). Some of those massive limestones are full of hippuritea of the 
Caprina group (Caprotinenkalk, with {Tourosln) Lonadalei, lituiudiUs 

wocojnimaia, ln\), othors ul>ound in jtolyzoa (Bryoroenkalkb others in foraininiforu 
(Orbitolitenkalk). The Aptian and the Albian stages tracoublo in the Swiss Jura can 
also be followed into the Aljts of Savoy, In th« Vorarllwrg ami Bavarian Aljis their 
place is Uken by caleareou.M glauconite lx‘-d.s and the Turrilite greensand {T. Herijfri) ; 
blit in the eastern Alj^s they have not been recogniscil. The lowest jiortions of the 
mas.Hive (htprotim limostone (Schrattonkalk) are believe<l to be Neocomian, but the 
higher jiarts are I’piKT Cietaceous. 

One «»f the most remarkable formations of the Al]>ine regions is the enormous mass 
of handstone which, under the name of Flysch and Vienna Sandstone, stretches from 
the Hfuith-west of Switzerland through the northern rom* of the mountaiuM to the plains 
of the Danube at Vienna, and thence into the Cat pathiaiis.* Fossils are excee<lingly 
rare in this rcK-k, the most fnipient Is-ing fucoids, which alfoid no cine to the geological 
age of their enclosing strata. That the abler ]»ortions in the eastern Aljw are (hi<taceous, 
however, is imlicated by the occurrence in them of occasional Jnocn-tnni, and by their 
iiiterstratilication with true Neocomian limestone (Aptyclienkalk). The dehnile sub- 
•livisions of the Anglo- Parisian Upp<'r Cretaceous r<wks cannot l>c applied to the strueturo 
of the Alps, where the foniMtions are of a ma.sHive and usually caleari'oiiH nature. In 
the Voriirlberg, they consist of massive liniestoaes (Seewenkalk) and marls (Seewcii- 
iiiergel), with Jeanthaerms MnnidU, TurrilUca cmtalna, Inoc^tramtu lIolaMfr 

enrivatn't, Ac, In the north cimtern Ali«, they present the remarkable facies of the 
(losan beds, which coii.sist of a xariablc and locally develojHsd group of marine marls, 
saudstoiieH, and limestones, with occasional int«*rcalatioiis of coal -Waring fresh -water 
Wds. These strata rt‘st uuconlomiahly on all rocks more ancient than themselves, 
even on older Cretaceous groups. They have yield* d about 500 siKnies of fossils, of 
which only about 120 ar»; foiiml outside the Alpine region, chiefly in Tiironian, )iartly 
in Sciionian strata. Much discussion and a copious literature has 1>een devoted to 
the history of these de|>osit«.“ The loosely imb<^de*i sheila suggestcil a Tertiary age 
for the strata : but their banks of corals, sheets of orbitolite- and bippurite limcstone 
and bedn of marl with Ainviond^x, Imtcframi, and other truly Cretaceous forms, have 
left no doubt as to their really D p[H}r Cretaceous age. Among their suldivisions, the 
zone of Hippnrxtcs coniu-vaccinum is recognisable. They probably represent the up{)er 
|)art of the Turonian an*l tho whole of the Senonian stages. From some lacustrine beds 
of this age, near Wiener Nenstadt, a large collection of reptilian remains has been 

^ See K. M. Panl, “ Der Wienerwald : Ein IJeitrag zur Kenntmaa der nortUlpiiien 
FlyHchhilduiigen,” Jahrh. k. k. fSetd, Rf^ichst. 1898, pp. 53-178. 

* See among otlier memoirs, Seilgwick and Murchison, Tmns . , OW. Rnc. 2nd aer. iii. 
Reuse, henksdirift. Akad. Wien, vfl. 1 ; RUxh, AkatL IFtan, xi. 882. Btoliczki^ mtzb. 
Akftd. Wien, xxviii. 4S2 ; lil. 1. Zekeli, Abhandl. (>e»d. RrichaanM, Wien, 1. 1 (GaaterojKsls). 
F. von Hauer, Sifzh. Akad, IFien, liii. 390 (Cephalopoda) ; ‘ Palseont. Oeaterreicb,’ I, 7 ; 
*Geologie,’ p. 610. Zittel, Iknkackrift. Akad. H'lVn, xxiv. 105; xxv, 77 (Bivalves). 
Btinzel, Abhandl. ^W. RtiJuanat. v. 1. UUmbel, * Geognoatisebe Beschreib, Bayerisch. 
Alpen,’ 1861, p. 517 Redtenbacher, Ahkandl. fieol. ReUihwnAt. v. (Cephalopoda). 

Tauach, Verhandl. k. k. Ge>4. ReiehaanM, 1886, p. 180. H. Kynaaton, f/ !• 

(1894), p. 120. 



obtained, including deinosaurs, chelonians, a crocodile, a lizard, and a pteiodactyle-*- 
iii all fourteen genera and eighteen species.^ Probably more or leea equivalent to the 
Oosau beds are the massive hippurite- limestones and certain marls, containing Belm- 
nUdla mwroiiata, Echinoeorys mlgariSf ko., of the Salzkammergut and Bavarian Alps.*'* 
The Upper Cretaceous rocks of the south-eastern Alps are distinguished by their 
hippurite-limestonca (Rudistcnkalk) with shells of the Hippurites and Radiolites groups, 
while the Lower Cretaceous limestones are marked by those of the Caprina group. 
They form ranges of bare white, rocky, trecloas mountains, perforated with tunnels and 
passages (Dolinen, p. 477). In the southern Alps white and reddish limestones (Scaglia) 
have a wide extension. 

Buin of the Mediterranean. —The southern type of the Cretaceous system attains 
a great development on both sides of the Mediterranean basin. Tlie hippurite {Capro- 
tina) limestones of Southern France and the Alps are prolonged through Italy into Greece, 
whence they range into Asia Minor and into Asia. Cretaceous formations of the same 
tyjw apjjear likewise in Portugal, Spain, and Sicily, and cover a vast ares in the north 
of Africa. The Portuguese representation of the system at the extreme west of the 
region presents some interesting features, Especially in the evidence for the alternation 
of marine and estuarine or fluviatile <lo[K)sit8 during Cretaceous time, and in the light 
wliiuh it casts on the Cretaceous llora. The marine strata are there sufliciently w'ell 
devfilo[)od to enable them to lie paralleliHl with the successive formations of central and 
northern Kurope. In the region of Lisbon and Hellas, from the base of the Neocomian 
scries upwards, successive horizons of plant-bearing strata are mot with in a series 
of strata with distinctively marine fossils. Thus Ciidcq^eriH temiistriata is found at the 
very base of the scries and terrestrial plants (of which eighty-eight 8|)ecies are known), 
continue throughout the Valiuiginian sub- stage but with intercalations of marine 
shells. In Hauterivian time the sea had established itself over the area, as is shown by 
a mass of limestones and marls, r>0 to I.'IO feet thick, with Odrea Couloni, Neithea 
{Janira) atnva, Ohosiephanm {Adit' da) ajtticdanns. The Urgonian stage is marine in 
the lower )>art, but passes up into the sandstone series of Almargein, wliich abound in 
remains of terrestrial vegetation, but include a marine band in their centre which appears 
to mark the Aptian |»art of the Lower Cretaceous series. This flora among its abundant 
ferns, cycads, and conifers includes some primitive tyi)C8 of angiosperms (Protorhipis, 
Chanyamina^ ruedfea, Iklgadopais, Kolidon). The equivolents of the Albian and 
possibly the lower part of the Cenomanian group (Bellasian of Choflat) are again marked 
by the alternation of marine bands among others full of land-plants. Towards the base 
of this .stage Placnitic^raa Uhliyi and Schlo'itbachia injlata {mstra(a) are found, while 
higher \ip conic Polycviiites Vcrnftih\ Hoi'ioplcura Lambrrti, and Exogyra pmido- 
africam. The floia 8how.s an increasingly modern aspect by the apjiearance of 47 species 
of dicotyledons, some of which belong to genera familiar among the living plants of 
to-day {Sanan/iws, Euailyptus, Lauru.% Myrica.).^ The lower part of the Portuguese 
Cenomanian strata consists of samistones, still charged with terrestrial plants. These 
are succeeded by limestones with marine shells and other fossils {Oidrea flabellata, - 
Exogym paeado-nfdcana, Hodoplnim Lnviberti, Neolohites, Aloeolina^ DcniiHlUieeroB 
Mffvwitlrtrc). The Turoniaii stage is fully represented nt the mouth of the Mondego, 
where it consists of a series of thoroughly marine limestones {Mnmmites Rochebrunei^ 
Inoairamus labiatna, Parhydiacus, Actteorulla, Ac.). The Portuguese Senonian series, 
R^in, jiresents two distinct facies. In the more westerly region the strata consist of 

‘ Seeley. Q. J. Q. &. 1881, p. 620. 

^ Gunibel gives a talile of correl.'itloiis for the European Cretaiwoas rocks with those of 
Bavaria, ‘Geognost. Beschreib. Ostbayer. Grenzgeb.’ pp. 700, 701. 

On the Lower Cretaceous flora of Portugal see l>e Saporta, CompL rend. cvi. (1888), p. 
1500 ; oxi. (1890) and cxiii. (1S9I). W. M. Fontaine, Monograph xv. U.S. Q, S, L. F. 
Wani, Ann. Rep. U.S. U. S. (1896), p. 510. 
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ate quite martne. The pneenoe in them of ffcpUta MarrUi iudioatei 
that thej belong to the highest part of the Cretaceous system, though unfortunately 
their relations to the Turoniau series cannot be seen . Neither has any repreeentative of 
them been found in the flu vio- marine group which elsewhere appears to represent part 
at least of the Senonian stage.' This group of green and red marls and fine sandstones 
contains fresh-water or estuarine shells {Cyrena, Hpdrobia^ Mytitus), a rich flora including 
dicotyledons, a numlwr of fishes {ClupMt TeUodtvs) with Jfrj^osouno, Ctocodilui^ and 


On the southern side of the Mediterranean basin the Cretnoeous system spreads over 
wide tracts of Northern Africa. In the desert region south of Algiers, where it extends 
in broad plateaux with sinuous lines of teriaced escarpment,* the various subdivisions 
from the Neocoinian up through the other Lower Creuceous formations into the upper 
part of the system have been recognised, perhaps including even the Danian stage. An 
imporunt member of the system forma the upper part of the “Nubian Sandstone" 
which plays so important a part in the scenery of north-eastern Africa, This formation 
extends into Syria and is found in the LebanoK, where it attains a thickness of sometimes 
1600 feet, and has been regarded as probably of Alhian ige.* Higher up come the shales, 
probably Turoniau, from uhiuh, in that region, so large an assemblngc of fossil fishes has 
been obtained. 

Buaslu. — The Cretaceous formations, which are sell developwi in the range of the 
Cnr])athian mountains, sink IkjIow tlie Tertiary deposits in the plains of the Dniester, 
and rise again over a vast region draine<l by the Donetz and the Don. They have been 
studied in central and eastern Russia by the ofRi'ers of the Russian Geological Survey, 
who have pointed out the remarkable resemblance between their organic remains and 
those of the Anglo-French region. There is in jsirtieular a close jisrallolism between 
them and the English Speeton Clay in their intimate ndatiouship to the Jurassic 
system below. The Volgiau group already (p. 1167) referred to is succeeded by typical 
Neocoinian deposits, which are well devclopeii in the district of Simbirsk along the 
Volga, where they consist of dark clays with sandy layens and phosphatic concretions, 
divisible into three horizons. The lowest of these yields pyritoua animonitesf e8i»ecially 
OlcosUphnniiH verticolor, 0. inwrsus^ also Belcmnitcs pseudo 'panderianuty AsUirte 
porrecta. The middle zone contains sei»taria enclosing OleodephanMU {Simbirtkites) 
Ikcheni, umhonatus, prtigredienA, fasciatofalfatua^ dUeofalcatus^ Barhoti^ Inoeeramus 
atLcelh, IthyneJimella o^dUcratn. The highest zone is almost unfossillferons near 
Simbirsk, but its lower layers yield Peden eraH$Ufda. Deposits of the same type as the 
Anglo-French Aptian are well deve]o(>ed in the governments of Simbirsk and Saratov, 
and are characteriswl by HopliUs Dcuhayen and Amallhem hkurvalut. The Albian 
or Gault, which is found in the government of Moscow, and may eventually be traced 
over a wide area, has yiehlcd a number of ammonites, esjwoially of the genus Hoplitea 
{H. dadaitLs, talitzianus^ Bennettim, Eitgerai, Telhydia, jaekrotnenaiSf JhXemplei^ 
JJeamoceraa Bevdanti). This stage is well developed in the Caucasus, Transcaucasia, 
and the traus-Caspian region. In the chief Russian Cretaceous area the Cenomanian 
stage begins with dark clay closely related to the underlying Jurassic series, from the 
denudation and rearrangement of which it may have b^n derived. The clay shades 
upward into sandy, glauconitic, and phosphatic deposits, which gradually assume the 


* P. Choflat, Communic. CommiaaioH. Trabal. Oeol. Pnrtugal, It Pssc. it ; ‘ Receuil de 
Monographies Stratigrapfaiques sur le syst^me Critae^' Servke. Osot Portugal, Parifii. 1900, 
and * La Fanne Cretacique du Portugal,’ vol. t parts t-iv. 1902. 

* Coqnand, ‘Description g^t et pal^tol. da la r^on sud de la province de Con- 
stantln,’ 1862 ; Rolland, B. S. f/. F. (3) ix. p. 608 ; Peron, vp. eit, p. 436 ; this author has 
published a valuable memoir on the Geology of Algeria, with a full bibliography, Ann. 
Sdeiuea OM, 1888 ; Zittel, ‘Beitriige xur Qeologis der Ubyseben Wttste,' 1886. 

* Dinner, JS. D. O. 0. xxxix. p. 314. 
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eoDilition of chalky marli. These Cenomanian strata api^ear to have a wide extent attha 
bsse of the Upper Cretaceous formations of Central Russia. They contain numerous 
remains of fishes {Piychodw, Lamna^ Odu/Uaspu, Otodus) with bones of ichthyosaurs and 
plesiosaurs. Ammonites are rare, but Sehlanbachia variaru occurs, also Adinoeamax 
plenus, JSxofff/ra haiiotid^a, E. c<mica, Ostrm hifipopodium, Neithea (Janira) quinque- 
coaUUa, Pecten laminonui, Khynehonella nucifonnis, he. Turoniaii strata have likewise 
been found over a wide tract in Central Russia. The lower bands with Inoceramus 
(/. rvMicnsu, labiatiis, ErongniarU, lobatus aff.) abundant EdemniUlla and Ostrea 
vmcularif are of constant occurrence in the Cretaceous region of Central Russia. In 
that area, however, the Henonian and higher Cretaceous stages are not well develojMd, 
though they assume greater importance in the southern part of the Kmpire.^ 

Denmark. — The Danian stage receives its name from its typical development in 
the east of Denmark. Its lower portion or Faxoe Chalk is a bard yellowish limestone 
full of bryozoa with Nautilus dankusy TcvinoeidarU, IJorocidarviy IlolasUr, lirisso- 
piuudeB, CoralHum Becki. Its upper division or Raltholm limestone is another compact 
kind of chalk with Hints coiitainiHg Nautilus dtmicus, Jiaculites FaujaM, Bdemnitella 
mucranatay Oalrea vencularisy Terrhratula camm, Erhinoeorys {Ananchyks) aulcatus. 
This rock has l)een found by boring and well-sinking to. cover a wide tract around 
Copenhagen under the glacial Drift. It is in places overlain by a foasiliferous green- 
sand.® 

Soondinavia. — The districts of Mahno, Ystad, and Christianstad in the south of 
Sweden present an interesting development of the Senonian and Dunian stages. The 
Lower Senonian marls contain Adinoeamax verus, A. v'estpfuilicus and Inoceramus 
cardissoides. The Upper Senonian beds, consisting in the lower jiait of limestones and 
conglomerate, are marked by the presence of Adinoeamax mammillatus, Pedni arpteni- 
plicatuSy Ostrea aeiUirostrLiy while the higher part, eomposed at Malmo of soft chalk 
and elsewhere of sandstone and limestone, yields Beleuinitclla muerouHta, Echinoeorys 
(Ananehytea) ovatiia, Terebratula omiea and other characteristic fossils. The highest 
member of the series representing the Danian stage contains AV/n'm^coct/.v [Ananehytea) 
auicaiuSy S'erebratula lena, Drottria rtupmiy &c.* The remains of a bird [Scanioirnia 
iMudgrtni) have been obtained from tho Saltholm Limestone near Mahno.'* 

Arotlo Regions. —The Cretaceous system has been found to extend even as far north 
as Lat. 79” into Spitzbergen and King Charles Land. On the latter islands Professor 
Nathorat has found, underneath the overlying basalt plateau, strata which he believes 
to be of Neocomian age containing Aueelia Keyacrlimji and rcninins of plants.^ Again, 
ou the west coast of Greenland, between the |>arallels of 70” and /T N., a thick mass of 
strata underlying the basalts appears to be divisible into three groups, of which the 

' Nikitiu, ‘IjCs Vestiges de la jieriode Cn'*tacee dans iu Rnssie reutrale,’ Mem. Com, Oeol. 
Rusae, v. No. 2 (1888), p. 165. W. F. Hume, (kol. May, 1892, y. 385. 

* C. Schliiter (/. IK <•'. (f. xlix. (1897), pp. 38, 889) give.s an account of the Cretaceous 
succession in the Baltic with a bibliography of the subject, and descriptions of a number of 
new urchins from the region. K. Rordatn, “ Kridt formationen i SJteland,” Ikinmarks Oeol, 
Undersiig, 189Z, describes the White Chalk (uppermost Senonian), the Saltholm Limestone 
and the greensand, above mentioned, containing gasteropods, lamellibrauchs, &c., which is 
the youngest memlier of the Cretaceous series in Denmark. Another important recent con- 
tribution to the Cretaceous pultconiology of the Baltic region is that by J. P. Ravn, 
“Mollu,.keme i Danmarka Kridtaflejringer,” K. Danak. Vidxnak. Selsk. Skr^t, xi. (1902) 
parts 2 and 4. 

* B. Luudgren, Univeraitels Ariskn/t. Lund. xxiv. (1888) ; deol. Fdreu. Stockholm, xl. 
(1889), p. 63. H. Munthe, xviii. (1896), p. 21. A. Hennig. xx. (1898), p. 79 ; xxi. (1899), 
pp. 19-82, 133-188. J. C. Molierg. NeuesJuhrh. ii. (1894), p. 69. 

* W. Damea, Bihang. Seentk. Vet. Akad. Handl. xvi. (1890). 

* Oeol. kVren. SteuMolm, xxiii. (1901), p. 341. 
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loMt «r Some Mri«i b«i yielded a reniarkalde aaaemblage of foiwil plants, iiiclading 
the Populu9 priitmva, which w‘as long believed to be the oldest dicotyledon. The 
plants oomprise OUuJunia (several species), AnpUnium^ PeeitpUru, ZamU*9t XiUsonia^ 
Sequaiat Pinus. In the next or Atane series dicotyledons outnun>l)er the ferns, cycads, 
and conifers. They belong to species of Poptdus, Pintanua, lltdtra, Ctwia, Laurtia, 
Quereua, Ac. Among the plant-bearing strata cerUin shales occur bearing a marine 
fauna {Peeitn, Area, Naculana, Lueina, Cuspuiaria, Dentaiium, he.\ which apjtears to 
be of Upper Cretaceous age. This horizon mav |^erhap8 be paralleled with the Amboy 
Clays of the United States. The Fa toot series contains a vuunger flora, which indicates 
a transition towards a Tertiary facies. It includes «|teeicH of (llnehniut, Aaindinitt, 
Sequoia, Arutulo, Phttanua, Querata, I'ihuruuM, Khuuinus, &c , and with it are 
as.Hociatcd bands containing marine fossils {Hemiualrr, Arieula, Jknlalium, Ac.).’ 

India,— The hippurito limestone of south-eaatorn Kuro|»c is prolonged into Asia 
Minor, and occupies a vast area in Persia. It has been dctectctl hcie and there among 
the Himalaya Mountains in fragmentary outlici-s. Southuanl of these marine strata, 
there apjiears to have existed in Cretaceous tinies a wi«le tract of land. corres|K)nding 
on the whole with the present area of the Indian |ieninsulH. but jKisaibly sirctebing 
south-westwards so a.s to unite with Africa. On the Houth-eastern side of this area 
the Cretaceous sea e.xtPMde<l ami dopositeii a sucrossioti of strata which have Wen 
paralleled with the Euro]ieau Up|>er Cretaceous foimations, and have been divided into 
the following groups in ascending order; (1) Utatur gionp, loiitaining at its base large 
masses of coral-roef limestone and yielding no loss tliaii :JOO s]Hcie8 of invertebrates, 
inoic than 100 of the.se Wing cephalojMMls, of which 27 are known to occur in KurnjM* 
or elsewhere out of India. Some of these are Neot'oniian speeies, but the general 
character of the foasils imlicates that this group may W e<|nivalent to the ('eiiomaiiiaii 
series of EurojM*. {'») The Trichinoi»oli group, eompowd of sniids, clays, limestones 
and eongloineraU's lying uneoiifonnably on the fiist grou]i. The fossils are hero not 
so numerous as in the beds Wlow, and the eephalo|)<sls an* nmeh diminished in 
number. The group ap}M*nrs to represent the Kuropeaii Turoniaii stage. (!t) The 
Ariyalur group, the most highly fos.siliferons of the three divisions. Heie gasterojKids 
replace ccphalo[)ods, the Cypraddae ami Volutidte lieing 8|)ecially prominent. Tho 
presence of NatUilus danicua points to the [losition of this group at the top of the 
system. Similar strata apfwar on the African coast in Natal, where they arc capable of 
poLcontological subdivision into three zones like those of India, and contain many of 
the same species of fosflil.s.'*' The most remarkable episode of Cretaceous times in the 
Indian area was undoubtedly the colossal oiiti>oiiring of tho Deccan baaalts (p. 346). 
These rocks, as already remarked, in horizontal or nearly horizontal sheets, attain a vertical 
thickness of from 4000 to 6000 feet or more, and cover an area of at least 200,000 square 
miles, though their limits have no doubt been reduced by denudation. Tbeir oldest 
portiona lie slightly unconformably on Cenomanian rocks, ami in some places ap|)«ar to 
be regularly interstrati fled with the up|K*rmo8t Cretaceous strata. The occurrence of 
fresh-water inollusks [Phyaa, Vivijnrua, Unio, Corhiruh), lauds- plants, and insects, Ixith 
in the lowest and highest parts of the volcanic series, proves that the lavas must have 
been subaerial. This is one of the most gigantic out{Kiuring8 of volcanic matter in the 
world.* 

Japan.— The labours of the active Geological Survey of Jai*an have bi ought to light 
a remarkably full development of the Cnataceons system in that country, ami have 


’ Heer, * Flora Fossilis Arctica’ ; I>e Saporta, ‘W Monde des Plantes' j D. White and 
C. Schuchert, Pull, Oeol. Sttc. Anur. ix. (1898), p. 343. 

* F. Kosamat, Jakrb. k. k. Oeol. lUUhaanat. xliv. (1894), p. 463 ; R. B. Newton, Joum. 
Conchdogy, viiL (1896), p. 136. 

* Medlicott aud Blanfonl, ‘(reolog}' of India,’ 2nd edit, by R. I). Oldham, chaps, x, 
and xi. See also F. Stoliezka, PalteotUograph, Indica, acr. i. iii. v. vi, and vUi. (1661-1878). 
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mipplied the meaDs of comparing the fannas and Horae of that system oh the opjpedtta 
sides of the great Pacific basin. At the base lies a limestone (Torinosa) containing a 
rich fauna of foraminifera, corals, biyozoa, echinoids, lamellibranchs, and gasteropoda, 
while in some places it includes intercalated plant-beds with Zamiophyllum, NUmnia^ 
Podozamitea. It is regarded as probably Neocomian. The Ryoseki series is dis- 
tinguished by its varied and abundant flora, consisting of ferns, lycopods, cycads, and 
conifers, many of the species being found in the Cretaceous series of India, Europe, the 
Potomac formation of America and the Rome beds of Greenland. No dicotyledons are 
recorded in the published list. The Izumi sandstones contain both marine sheHs and 
land-plants. Among the former are species of Paehydiacua, AnisoceruB, MacroBcaphiUs, 
PhjUoceraSt Hamites^ HelicoceroB^ Inoeeramua^ Avieula, and Trigonia pocill\formiB, 
which is the most characteristic fossil of the whole. The plants include species of 
Arundo, Salix^ Qiiercus, Fagua, Platamis, Cinnain&mum, Sequoia. Perhaps of the 
same age as these sandstones is the important Hokkaido series, which consists of sand- 
stones, conglomerates, and shales with plant-boaring shales and coal-seams at the top. 
The middle and lower parts of this series have furnished a large assemblage of fossils, 
including nine species of Desmoeeras, twelve of Hamites, eight of Lyloceras, eight 
of Pachydiscas, together with several 8])ecies of Aniaoceras^ Aeanthoceras^ Olcoatephanus, 
ScaphiUia, and Criocenia. A number of the organisms are 8j)ecifically identical with 
those found ut Trichinopoli and other Cretaceous localities of India. The formation 
may represent the Mid<llc and Upper Cretaceous scries of Europe.* 

North America. — The Cretaceous system stretches over a vast jwrtion of the 
American continent, and sometimes roaches an. enormous thickness. Sparingly 
developed in the eastern State.s, it runs as a l>elt fi'om Long Island across Now 
Jersey, Delaware, and Maryland into Virginia. It spreads out over a wide area in the 
south, stretching round the end of the long Pahcozoic ridge from Georgia through 
Alabama and Tennessee to the Ohio ; and reapparing from under the Tertiary 
formations on the west side of the Mississippi over a large 8i>aoc in Texas and the 
south-west. Its greatest development is reached in the Western States and Territories 
of the Rocky Moiintain region, Wyoming, Utah, and Colorado, whence it ranges 
northwanl into British America, covering thousands of square miles of the prairie 
country between Manitoba and the Rooky Mountains, and stretching westw'ards even 
as far as Queen Charlotte Islands, when* it is well develoj>ed. It has a prodigious 
northward extension, for it has been detected in Arctic America near the mouth of the 
Mackenzie River. 

The eastern belt, which runs from Long Island® into Virginia, is full of geological 
interest, and has given rise to prolongwl discussion. It is divisible bi’oadly into two 
series, of which the older is termed Lower and the younger Upper Cretaceous. The 
foi;mer, widely known as the Potomac formation, has been more yiarticularly the field 
of controversy, some writers claiming it for the Jurassic system, others as confideatly 
asserting it to be Ci-etaceous (p. 1169). Of the former class the late Professor Marsh brought 
forward the most cogent argtiments based on the occurrence of deinosaurian remains 
having Jurassic affiiiities. One species of Antrotlon was named by Leidy, and a number 
of other vertebrates by Marsh {PUuroooehia. Priconodon. Alloaaurua, Caelurua, besides 
crocodiles, tortoises, fishes, and molliisks). On the other hand, the evidence of the 
Potomac flora has been confidently appealed to as affording an unquestionable proof of 
the CretMeous ago of the strata in which it is preserved. An important contribution 
to this controversy has been recently made by Professor W. B. Clark • and Mr. A. 

* ‘ Outlines of the Geology of Japan,' by the Imperial Geol. Survey of Japan. Tokyo, 
1900. p. 69. 

* The Cretaceous plant-bearing strata of Long Island have been described by A. HoUick, 
Trana. New York Acad. Sci, xiL (1898), pp. 189, 222 ; xiii. (1898), pp. 8, 122 ; Bail 
Torrty Botan. zxi. 1894. 




fUbbliis, who h»Y« elttrly thown thot the eo-oAlled Potomec formetiun mlly eondeti 
of A eeriM of formetione quite dietinet from etch other, lithologicAlly, itrAtlgrephicAlly, 
end paleontologically. They maintain that a marked line of diviaion can Im drawn 
above which the vertebrate remaine have never been found, and below which the 
dicotyledononi flora never deecenda. They are disposed to claae the formatioua below 
that line (which they name the Patuxent and Arundel groups) as prolmbly Jurassic, 
bnt they regard those which lie above the line as undoubtedly Ixiwer Cretaceous. 
These latter they reckon as two in number. The low'er, or Patapeco, consists of highly 
coloured and variegated clays and sands, some of which are full of leaMmprcsnions, the 
thickness of the whole ranging up to fully 200 feet. These strata lie with a marked 
unconformability on the Arundel group underneath. Their foeails include a few j>oorly 
preserved molliisca, but consist mainly of land-plsuts, ferns, cyca<ls, conifers, monoooty 
ledons and dicotyledons. Higher up comes the Raritan formation, which is also eomiK>sed 
of sands snd clays, with beds of brown earthy lignite, and in Central Maryland reaches 
a thickness of nearly 600 feet. Its fossils likewise consist mainly of land-plants, the 
dicotyledons showing a markedly more n! 0 «iern aspect than those of the Patajisco beds 
below. * 

The flora of the Potomac, series has been carefully studieil by the ablest |Milrco- 
lH)tanisU of America.* A census published in 1K9C gave the total number of spw'iet 
then known as 737, which have liccn obtained fronj five distinct horir.ons.’ The 
dicotyledons numiH>red nearly half of the whole. Those found in the older j>aTt 
of the formation have a {trimitivo character Prvitirj^yUuin^ Jit^geraia, 

Haliciphyllum, Viiiphyllnm). The others include sjiecies of Jtuironwia^ Araiia, 
Cinnamomuhiy Exiaxlyp(m, Ficus, IMfra, Jfrx, Jnglunn, lAiunta, Ma^pinlui, Myrim, 
Plnlanm, Querrus, lOumnns, SalU, Supindua, Saaan/rtts, yUntniunt. Some of the 
plants aro identical with species found in the Tiouer Cretaceous series of England, 
Germany, and Portugal. 

The Upper Cretaceous fonnations of the same eastern Wit lie transgrossively ujsm 
the I/)wer series. They are arranged as follows in ascending onler:— (1) Matawan, 
composed chiefly of sands and clays, almut 400 feet thick in New Jersey, but 
gratlually thinning southwards until towards the Potomac River they di(*api)ear. Those 
stiata have furnished a considerable number of shells of thoroughly marine character, 
including Plac^nticrraa jdacenta, Scaphilea nodoans, Barxtldrs ovalua, and species of 
Pfjropsis, Uyrodes, Scalnrin, TurritcUa, iJerUalium, (fsirM, Gryphsm, Inw'rramua, Vrasaa- 
tella, Cardium, Terchratnfa, also HnnxaMcr^ Ac. (2) Monmouth, lying conformably on 
No. 1, and conaisting chiefly of sanda, ferruginous and glauconitic, which vary from 60 
to 160 feet in thickness, but disappearing in the direction of Washington. Fossils are 
here strikingly abundant and well preserved, some of the layers conaisting of an aggregate 
of sheila Among them are BelcvinUcUa amtxricatta, BacxtlUes ova^xxa, Nawtilxxa Ikkayi, 
with a large assemblage of ga8t«ro|>ods and lamellibraiiehs, as well as brachio|)ods, 
foraminifera, Ac. (8) Rancocoa, composed chiefly of greensand marls, sometimes 
highly calcareous, usually between 40 and 60 feet thick, but reaching a maximum of 
126 feet Though less varied in species, the fossils aro indivitinally abundant. They 
compriae Sphenodiacu* letUicularis, NaxUilua Ikknyi, N. Brynnx, Trmlo txhialia, 

^ W, B, Clark and A. Bibbins, Jowm. fiettl, v. (1897), p. 479. 

* See particularly W. M. Fontaine, Monograph xv. (/.S, <•'. •S. (1889); /i. U.S. U. fi. 
No. 145 (1896). J. 8. Newlasrry, Monograph xxvL U.S. O, A (1896). L. F. Wa^a, Ann, 
Rep. U.8. O. 8. 1895 and 1896. A list of 60 species of the Cretaceous plants from 
Ia>ng Island is given by A. Holllck in his paper above cited. Professor Ward has 
eabdivided the formation into six series, which in ascending order are (1) James River, (2) 
Rappahannock, (3) Mount Vernon, (4) Aqnia Creek, (6) Iron Ore, (6) Albaripeaii (Amboy 
vid Raritan). 

• These are named in the foregoing note. 
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RmiasUr (several species), CardiasUr^ AwiiuhyteB^ Panuiodiadenia^ Salenia, Cidari$, 
Penfacrinus, kc, (4) Manasquhaii, a group of highly glauconitic greensands, 60 feet 
thick in the north, but disappearing southwards, owing to the unconformable overlap 
of the Tertiary formations. Its fossils are neither numerous nor varit^ They coni* 
prise some lamellibranclis {Oatrett, Onjphaa, Craasatella) and a number of foraminifera 
{Tertularia, Nodnmrin, (Jlobigeriiia hulloidfa).^ 

The Cretar-eous formations, which stretch as a narrow belt between the older 
crystalline rooks and tlie overlying Tertiary dejwsits through the States of Georgia, 
Alaliatna, Mississippi, and llennessee, display both the lower and upper divisions of the 
system. The lower is well dcvclo|)ed in Alabama, where it forms the Tuscaloosa 
formation, about 1000 feet thick, composed of purple, mottled and grey clays over- 
lain with variegated sands. It has yielded a number of plants, which, according to 
Professor L. F. Waid, shosv it to be the equivalent of the Amboy and Raritan clays 
at the top of the Potomac formation. There would thus appear to be a continuous Isjlt 
of bower Cretaceous plaiit lMiaring clays and sands from Long Island into Mis.sisHi]>pi, a 
distance of more than 1000 miles. These de{K)sits were formed in sheltered waters 
fringing a well-wooded land-surface, and were eventually submerged under the sea 
which spread westwards over the sinking land and laid down the P ])per Cretaceous niariiio 
strata. 

'riio depression which led to the de))osition of the New .lorsey ainl Maryland marine 
clays nnd sands appears to have licgun earlier, and to have l>een on a more extended 
scale in the southern States. It brought about the accumulation of the thick isdagio 
formations which play so large a |>art in the geology and scenery of the region around 
the honlers of the Gulf of Mexico. These formations in central Texas have a tliickness 
of about 1600 feet, but they increase south -w'cst wards until, on the Mexican frontier, 
they reach 4000 or 6000, an<l are said to swell out to even three or four times that 
bulk io Mexico itself. The Texas Lower Cretaceous dejwsits, sometimes temied the 
Comanche series, have been divided into three formations, the Trinity, Fredericks- 
burg, and Washita. (1) At the bottom lies the Trinity, consisting of {a) sands 
overlain hy (h) Glen Rose limestones and clays, and those by (c) the Paluvy sands. 
This formation has yielded a nuinher of laiui- plants having a general resemblance 
to and in part an identity with those of the Potomac flora, though, as they include 
no angiosperms, Fontaine IksHovoiI that they may |)crhaps be a little older. But 
higher up the fossils are chiefly marine, and though connecting species run from 
one zone into another, several distinct faunas have been recognised. I'he Trinity 
formation is marked by the ])resence of Ostrea Franklini, TrUjonin rrennlata, 
P^qnieniu tcrtina, (Haiuvnia hivetien. The general assemblage has a marked 
resemblance to the fauna of the Lower Cretaceous aeiies of Portugal. (‘2) The 
Fredericksburg formation, composed of (o) Walnut clays, {b) Comanche Peak Limestone, 
(c) Capriiia (EthNanls) limestone. In the lower [>art of this series of strata Natica, 
Tyloatovui, and Gryphiva are prevalent, together with echinoids \Ifnniastf'r, HolaMer, 
Uolectyjma, f'Mudoduuirma, Cuhtris) and three important ammonites {Eugonoceras 
piedtrmliSy Echlmnbachia aaitoearinata, and S. Irhutcnsis). The Ca))rina limestone at the 
top of the formation **has an interesting and remarkable fauna, consisting largely of 
Requienia, Monopleura, Ichthyosarcolites, and other Chamidw, with Radiolitcs or 
Sphflsrulites, Nerinea, many other gasteropoda, corals, Ac. The general assemblage of 
forms is very much like that in the ‘ Schrattenkalk ' or ‘Caprotina limestone’ of the 
European Urgonian, and the similarity extends to specific forms in many cases. ” (3) 
The highest formation, termed the Washita, consists of four groups : (a) Proton beds, (6) 
Fort Worth limestone, (c) Denison Beds, (rf) Shoal Creek limestone. Many of the 
organisms of the underlying formation recur here. Ammonoids are more abundant than 
in any other part of the series. They include Padlydiaeus brazoensis, Hamitea Tremontif 


» W. a Clark, Bull. Soc. Aruer. viU. (1897), pp. 315-868. 





1119 


ijmsaMv^is amm 

with a largB d*T«lopmeiit of the genut Sdil^anbaekia^ nioetly of the t^pe of the £uro{ietn 
S, injlala [rodrata) and TvrriliUt frnuonmi. Thwe etiaU are auoceedod by othero, 
which. oonUining tpeciea of Acanthoetmt and other Cenomanian typea. are placed at 
the base of the Upi)er Creiaceoua seriea.* Thia aeries in Texas conaiata of the following 
forinationa in ascending order: (1) Timber Creek, coarM* aaiulatonea and some impure 
limestone {Acan(hofera», kc. ), about 2&0 feet thick ; (2 » Eagle Font ahaloa with layom of 
limestone and aaudatone, 800 feet, ooiitainiiig Odrta con^sta, Kxogym columMht, 
luoceramits exvgyrvid^n, Budtictras i’lra/orj, MorlonUtnts Bkoshonensc, and probably the 
e<iuivaleut of the Benton group farther north ; (3) Airatin Umeatone- an inijwrtant 
and ijeraistent band of light grey abundantly fossiliferoua limestone, with ihtna congrata, 
liMceramus (aeveral species), Xnutihis fleguns, Mortuuurnts vrspfrttuuvi, M. »h(»hotu>»9r, 
Jiaatlit/s osper, probably n-presenting the Niobrara group of tbo interior to tlie north ; 
(1) “Pomlcrosa** marls, estiniaUvl to Iw P^OOfeet thick ; (f*' (Unuconite bc<l.s. 300 feet ; 
(6) Laramie grouji with ligiiiu-s. 

In Kansas the Lower C'l-etaceous or ('omanche scricK, in chminished projKUlions, has 
been se|>arate<l into two foimations. The lower, termed the “(.beycnjio Sandstone," 
attains a thicknchs of fnuu 40 to 70 feet, and has yielded »mly plant remajiis (/£/tns. 
Sitmt/niit, (Jlyptotfrijinis, ,S'<7 JOo// i, whu h point to a bori/on not far from that of the 
upitcr clays of tins rotomac series. The iipja-r ioimation, callesl the “Kiowa 
Shales,” consists cbielly of hbales fiom 70 to l.'iO leet in thickness, which have furnished 
78 of fo-ssils, vertebrate and invertebrate, ahowiiig marine eonditiouM of dejtosit 

{(fn/phtra, Ejcogijro, Cunlxum, AvicnUt, SJtio uharhia, Ac.). Al»ovc thene Ntrata lies 
the formation known as tlie “ Mentor (Daksita) Sandstone" of Kansas, which at its base 
has a hand of brown fossilileiou.s .sandstone with (Mrat, TrvjoUia^ and other 

sh(dK.“ 

Tlie lllaek Hills of Dakota display an exceedingly interesting iiiliei ..f Archieaii and 
Pulfeozoic roi ks, louiid wltich the Me.so/oie fornmtious have been uj.raise<l. The TriasMc, 
Jurassic, and Cretin eo’ih formations follow ea< h i>iher in successive rings moiiiid the up* 
lifted aiea. The CretKOous series, resting upon the upper Jnrussie strata, has at its ba^so 
a group of f res] j. water sandstones and cla>s with woikable euabscams, trom wliieli nearly 
100 species .)f plants li.i\e been obtaimsl and d< sciila'il. Whib* most of them aie ferns, 
cyeads, and conifers, they include a iinmlKT of •licotyledoiis, among which are siteaiies 
of V'd rc/i.s, Ficophyllum, SaaanJ raa, Ffatanixx, Viburnttf», Ac. Dr. Waid 

shows that the llora is essentially Low« r CieUneoiis and he coinjones it with that of the 
Weablen and Ncocomiaii forniation.s (*f Eui<»im*.‘* 

In the \ast interior region which stretches from Kansas wp.stward into Coloiado and 
ruh and northward through Nebraska, South and Nortli Dakota, Wy«.miiig, and 
Montana into the western part of the British iK»sse.s.sionK, an uimmou.s uecuninlation of 
ri»ia*r CreUeeons forinationH records a ieiimik:i»>b* i*neccs-,ion ot gcologhal changes on a 
grand scale. Extensive inland laxlies of watei leieived the drainage (»f the snironmiing 
land ami Iwcame the site.s of thick deiKwils of saiuia, clays, ami lignites, among which 
the vegetation and many of the tishes and terreatriitl animals of the time have been 
preserved. A widesf.read depression allowwl the sea to spread over these lacustrine 
areas for a time, and to leave Isdiind a record of niaiine deposits. There would apjicar 
to have been oscillations of level leading to an alternatnm of salt and fresh -water 
accnmulationa. But eventually the lacu.strine conditions wefu lestored on a greater 
scale than ever, until a succe-ssioii of lakes and alluvUl river -idaiiis extemled from 
Mexico far north into Yukon, a disUnce of more than 2000 inilca, with a4>rewith of 
aometinies 400 or &00 miles. This succt-ssim. of events has U*en < hronicl(«J in a aeries 


’ T. \V. Stanton, Journ. v. (181#7), pp. 600-607. 

2 C. S. Prosser, f/nirmify Ueol. Hxtnry A'ansas, li. (1897), p. 196. 
® Lester K. Wanl, 19/A Anit. Hep. U.S. /». H. 1899. 



of geological formstione which are amnged as in the subjoined table in dcsceadix 
order : -■ 

Livingtitone Formation. — A aeries of itandstone^ 'grits, conglomeratee, and clays, 
largely made up of the debris of andesitic lavas and other volcanic rocks, and in- 
clmting local Intercalations of volcanic agglomerates, the whole amounting to a 
thickness of 7000 feet. This formation was first sej^rated in 1898 by Mr. W. H. 
Weed, who showed that it indicates an upliftand abrasion of the underlying members 
of the Cretaceous series, with a great succession of volcanic explosions, by which 
enormous quantities of angular lava-detritus were discharged into the lake. These 
tirii]>tionH towards the close of the Cretaceous period were the forerunners of the 
sene.s whicli took place on so gigantic a scale in Tertiary time. A meagre 
moUnscan fauna has been obtained from these strata, apparently belonging 
to bracki.sh, fresh • water, and terrestrial species. Much more abundant and 
deterininablu are the lautl- plants found towanls the base of the formation in the 
leaf-beds, which range from 600 to 2000 feet in thickness. Among these plants 
are siiedesof AhielUe/t, Taxodium, fJinkgo^ Phraffmiteg, Populus, ^ix, Qutrcus^ 
Jughiiia, Plataniu, Ficus, CVnnawuonuia, Launts, Fraxinm, Andromeda, 
Rhamnns} 

Laramie formation^— The chief coal-bearing series ot the Rocky Mountains, consist- 
ing of buff and grey sandstonea, with bauds of dark clays and numerous coal- 
seams, containing abundant terrestrial vegetation, land and fresh-water mollusks 
{Unii>, Lilli nuv, Planorbis, Helix, Pupa, Ac.), and remains ot fishes {Ijtpidotus), 
turtles {Trimv/x, Rings, Compsemys), and reptiles {Crocodilus, Agathaumas 
{Tricenttirpn), Ac.). Marine organisms in some intercalated strata show that the 
sea still occasionally spread over the lacustrine region. In this formation come 
the “('eratops bc<ls” of Wyoming, which, resting directly upon the Fox Hills 
group, consist of alternating sandstones, shales, and lignites, and are remark- 
able for the extraoniinary number and wonderful preservation of the deinosaurs, 
mammals, and other forms which they have yielded. 

The Laramie formation was originally termed “ Lignitic," and was made to in- 
clude all the vast series of liguite-buariug formations of the Western Territories. 

Its limits have now lieen restricted both Iwlow and a))ove. Its lower limit is now 
placed at the top of the Fox Hills group. The Livingstone formation has l>een 
cut oif from its up^ier part, so that in Montana its thickness has lieen reduced 
to 1000 feet. 

Montana formation.— A series of lacustrine and brackish- water deposits containing 
imiKirtant coal-seams and an abundant terre.strial Hora, with intercalations of 
marine bamls. llie fiora embraces 89 forms, which include 63 8i)ecies of 
dicotyledons, 10 conifers, 4 mouocotyh-don.s ami some ferns, lycopmls, and other 
plants.* The formation reaches in Utah a thickness of 2800 feet. It is sub- 
divided into two groups, which, however, cannot always be distiugnislied * 

Fox Hills grouji,— Grey, ruhty, and buff sandstones, with numerous beds of coal 
and intcrstratifictttions containing a varied assemblage of marine shells {Belemni- 
teUn, yuutiliis, Avimoiiites, Ilandifen, Mosasaiirus, Ac.). 

Fort Pierre group. -- Carbonaceous slialea, marls, and clays, Oslrea congests, 
Iniicentinus Vripsii, var. Barabini, AvicHlu^bnisa, Lueinn occiilentalis, CfUamys 
nebrasceiisis, BiU’idUes omtits, BcaphUes luMlosiie, Ainmouites, Ac. ). 

Colorado formation.— Calcareous shales and clays with a central sandy scries, and, 
in the Wahsatch region, seanus of coal as well as finviatile and marine shells. 
Thickness in Kaimis 340 to 380 feet, east of the Rocky Mountains 800 to 1000 
feet, but westwards in the region of the Uinta and Walisatch Mountains 2000 
feet This group lias yielded a large marine fauna. Among its ammouoids are 
species of Helipocems, BnmlUes, Buchiceras, Placenticeras, Prumoq/clus, 
Prwnotropis, MnrUmiceras, ikaphites, some of them being also well-known 
European forms, such os Sautilus degans, Prumotrojiis Woolgari, AeanthO' 
ceKU ManteUi.* Tlie formation is subdivide into two groups : — 


» W. H. Weed, Bull. V.S. (L S. No. 1Q6 (1898), with appendix on the plants by P. H. 
Knowlton. 

* F. H. Knowlton, Bull. U.S. O. S. No. 163 (1900). 

* T. W.'Stanton, “ The Colorado F(»indtion and its Invertebrate Fauna," Bull. U.S. U. S. 
No. 106 (1898). 








Kiolmur* giw^ -*CluUky nuurto, chalk, ihalM, vith Urge calcaicoui oouen^tiona 
and aaantt of Umeatone (BaetUiieM, Jkl^niUs, CiitlacriHug, Jnocervanut 
(^fbrmist /. problmatietu, Ihtrta amgeHa^ Jftuttides), The moat iuteniUng 
aud important otganic remains fnmUhed by this gcoup belong to vertebrates. 
Prom the Niobrara beds of Kansas have been obtained six genera of Mosasaurs 
(didastes^ TifUmutut, PlaUcarput, /fo/osanrHS, Strontete^^ Bapt<munut\ several 
species of ptenxlactyle, as well as plesiosanra, turtles, anti above all the toothed 
birds first described by Marsh. 

Benton group. --Bhales, clays, and limestones {Seaphiit* watrtMiLtU, 

Woolgafit Ostrea e(tngesta, Inocnerainus, several s|)ecies, and sometimes in great 
abundance). 

On the ^ar River in south-western Wyoming lui important series of argillacmms 
calcareous shales, alternating with thin beds of sandstone, Bp]>vars to (Kscupy 
a position intermediate between the Colorado and Dakota formations, and may 
tie a lacustrine represehtative of (lart of one or other or Ixith. It has yieldeil a 
large molluscan fauna, belonging ohiefiy to fresh-water and terrestrial spe(>ies, 
but with a few brackish -water forms. Among them are s))ecies of 
ModiolOf Unio, Corbicuia, Auricula, Limtunu Plaiu>rhi^ Phyaa, A'en'tim, 
Pachymdaniti, Hydrobia, and rtriparus.* 

Dakota fonnation, consisting of yellow and grey ma-xsive (probably lacustrine) 
sandstones, huiuetimes with clays aud seams of coal or lignite (dicotyledonous 
leaves in great numbers, Ptctia, Sumi/rut, PUUnnut, Jwjtnm, Ac ). In tlie 
Wahsatcli region there lies at the liose a perKistent aud coarsi^ conglonivrate, 
sometimes 200 feet tiiick. Thickness of the formation, 400 feet and upwanls. 

In some places there are marine intercaintioiis in this group, showing that the 
sea lay not far off the area of de]H)sit. Thus m Kansas, the lower part of the 
formation, consisting of sanjlstones aud shales with terrestrial plants and seams 
of lignite, is overlain with saliferous and gypseous shales containing Cnrhicula, 
Cyrena, Yoldia, Orassatelhna, Tdlina, Muefra, Ac.*** 

Cretaceous formations are largely dovelojMcd along the Pacific slope, where they reach 
a great thickness in the coast -ranges, and where they have undergone in some placos 
much metamorphism. ^ In California a section of Cretaceous strata on Klder Creek, 
Tehama County, gives a thickness of almut 30,000 feet without any evidence of dupliiA- 
tion.^ This pile of sediment, which is known as the Shosta-CIiicu series, is on the whole 
of marine origin. It has been 8ul>divided into three scries, which in ascending order are 
(1) Knoxville, (2) Horsetowu and (3) Chico. The Knoxville Beils, with an apparent 
thickness of 20,000 feet, consist mainly of shales and shaley sandstones with calcareouii 
layers. They have furnished a consideiable number of amnioiioids (l.^i sjtecios, 
including the genera Phylloccras, Lytocnaa, iJeamucerm, ( droatqdianus, HojdiUa, Pni- 
§phiiuic$,Crioceras),vi\i\\ beleinnites, many yp»\&Cii\\oiU{Fmuridfa,PUurotowiria, Turbo, 
AmberkyUi, Cerithiuvi, Aporrh/iis), lamellibranehs {Peden, AucfHa, very abundant, 


* C. A. White, IhdL U.H. (/. S, No. 128 (IHOfi). 

* W. N. Logan, Kanaaa dcd. Surv, ii. (1897), p. 202. 

® Some difference of opinion has lisen as to bow far the (’retaceous rocki* have Ijfon 
involved in the metaniorphism which has attected the Triassic and Jurassic series. Whitney 
and afterwards Becker (Anier. Journ. Sci. xxxi. (1886), p. 347) atCnmsl tliat they have, 
others, especially H. W. Fairbanks (Avier. (Jadogut, 1892, 1893 ; livU. deU, Sec, Amer. vi. 
(1894), p. 71), have ulvucated the opposite opinion. There can Im little doubt that there 
was an extensive protrusion of granitic aud other igneous material after some part at least 
of the Jurassic formations had been deposited. Mr. J. P. Smith lielieves that tbp Mariposa 
auriferous slates are of Jurassic age (Hull. (ie*d. Hoe. Amer. v, (1897), i>. 257). 

* This section was measured and tabulated by Mr. J. 8. Diller aud J. Stanley- Brown 
(Buff. dvA. Soe. Amer. v. (1894), p. 438), wHo could find no evidence of reduplication, 
though they admit that the evidence for such an almost incredible thickness is not irre- 
firagable. Even if we reduce the mass to half these dimensions it remains an enormous 
mass of sedimentary material 
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hoceramui, Nueula, Aatarte^ Lucina^ Cyprina^ Corlmla) and brachio]^g {Rhynchonella, 
TerebrcUula). The Horsetown formation presents a somewhat similar litholc^ and fauna, 
jut with some differences. Ammonites are locally abundant in its lower part, those 
the genera Lytoeeras and Phylloccraa being especially well represented in individuals.^ 
The remarkably abundant AwAIa (the most characteristic fossils of the Knoxville beds) 
lo not ascend above the limit which has been taken as the base of the Horsetown beds. 
In the higher part of this formation among the ammonoids the familiar Euro^iean form 
Schhmbaehia roittrata, another closely allied to JjQuvilleiceraa mammillatum, and a 
thini, wliich may be Brongniart’s Desmoceras Beudanl^ have been noted. It would thus 
seem that while the Knoxville beds arc referable to the Neocomian series, the Horsetown 
include the rest of the Lower Cretaceous formations, ^tossibly extending into the up})er 
division of the system. 1’he Chico beds in the Elder Creek section were found on 
measurement to 1 h 5 4000 feet thick. They are chiefly composed of conglomerates and 
sandstones, and have yielded a good many marine organisms. In their lower l.'tOO 
feet are found Iksirutrcras, Actieon, Jnehura, Gyrodes^ Tcllina, Chione, Meekiut 
Trigonia, &c., while towards the top Inoceramutt IVhitufyi and rachydiscua new- 
hen'yaitUH are met \\it)j.‘^ 

While this vast accumulation of sediments represents almost entirely the accumula- 
tions of the sea- floor it includes occasional platforms which have preserved remains of 
the terrestrial vegetation of the time. At a height of about 8000 feet above the base 
of the Knoxville series a plant-bed occui* ** 8 from which a number of ferns and oycads have 
been collected, bnt no dicotyledons appear in the list. Another band at the top of the 
formation, together with marine shells {Amrlla cramcullis, Deamoceraa s\>. Olcostephamia 
miitabiliH and Lijtuceraa Jiateai) bos funiished specimens of Sagenoptcris Mantflli and 
rterophyllmi cHli/ornicum, the plants being diiectly associated with the AuccIIa,'^ Tlie 
Horsetown formation also conhiins near its base a highly fossiliferous band which, 
besides Belcmnitcs imprmus, Jfoplites sp. Gkoatrphaiius Traski, Lytwcraa Butesi, &c., 
has yielded Nagliopsia lali/olut, Angiofifrridinm nrrvoaum, A. oregomiise. 

The Cretaceous system is prolonged into British North America, where it is well 
(leveloiKjd not only on the I’acific slopes hut on the east side ot the Kocky Mountains in 
Manitoba and the North-West Territories, in Vancouver and adjacent islands a series 
of strata, known as the Nanaimo group, has furnished a large senes of organic remains, 
which, like the formations in the Western United States, whereof they aic no doubt 
prolongations, include both marine shells and terrestrial plants. The strata, about .'>000 
feet in thickness, consist largely of conglomerates and shales with a group ol coal-bearing 
strata 740 feet thick at their base. Among the marine organisms are Bhylloecras 
Vdlediv, I\ Ituira, Lyltx'ents Jnkem, Aniweeras mncuuverensc, Uamitfs obstrictus, 
DcamoceniH Gtirdeni, J\tchydiscus ootacinkmis, 1*. Haradai, Beleinnitea, hr. The plants 
include many dicotylc»lous, palms, and other forms. This series is legaidod as Upper 
Cretaceous, and is not improluibly a continuation of the Chico series of California. 
Apjwrontly of somewhat older daie is the coal-bearing series in the Queen Charlotte 
grouiN of which the subjoined section occurs at Skidegate Inlet. ^ 

• T. W. Stanton, “The Fauna of the Knoxville Beils,” Bull. U,A. G. H. No. 133 (1895) ; 
Journ. Gfol. v. (1897), p. 594. 

** Stanton, B. G.S. (•', S, No. 133, p. 16 ; Dillor and Stanton, Bull, fteol. Soc. Auier. v. 
(1894),- p. 439. * Stauton, B. U.S. G. S. No. 133, p. 17. 

* ,T.«Richard 80 U in Beport of Progress of Geol. Siirv. Cunadtt, 1871-77. G. M. Dawson, 
op. rit, 1878-79, 1886 ; Amer. Journ. Bci, xxxviil. (1889), p. 120 ; op. cit. xxxix. (1890), 
p. 180. J. F. Whiteaves, Mesozoic Fossils^ vol. i. Parts i. ill. in publications of Oeol. Survey, 
(Tanada; Presidential Address, Trafur. Roy. Soe. Canada, sect iv. 1893. See also Dr. 
Dawson's Report on Geology and Resources of the Region nmr the i9th Parallel, Br^ish 
North Ammcan Boundai'y Commission, 1875 ; Report on Canadian Pacific Railway, 
Ottawa, 1880. 
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Upptr dMiei ud MiiditoiMs. (Few foeefit, the only fom ncxig- 

niied being /fkMeromiit 1,500 ftet. 

CoDglomeratee and sandstones (fragments of Bdmnites) 2,000 

Lower ^ales and sandstones with a workable seam of anthracite at 
the base (foasUs abundant, including Schlmihachia rostrata {injiata), 

Dumocera* BeudatUi, D. planulaium, Lyloftrti* itmob^numy 
PeriapkineUM^ BeUmnitea, Inocenmua cvnoeniricua, &c.) 5,000 

Volcanic agglomerates, sandstones, and tuffs, with bloiks sometimes 

four or five feet in diameter 3,500 „ 

Lower sandstoneis some tufaceous, others fosailiferous 1,000 „ 


13,000 „ 

The middle Oetaceous formations of the North-West Territosy have yielded a 
remarkable assemblage of vertebrate remains, which have been discuascd and described 
by Prof, Osborn and Mr. Lambe. The Belly River series, which is said to underlie 
the Montana or Fort Pierre-Fox Hills groups, and overlies the Fort Benton and Dakota 
groups, has furnished well-preserved remains of Ashes {Lepuiotus, &c.), plesiosaurs 
{€f%inoluiaaurua), uheluuians, rhynchocephalia (Champaosnitma), crocodiles ((VoeodtVta, 
*Bottoa(aurua), megalosaurs (Deinodon)^ stegosaurs {Palxoaciwiu, SteraoeepfuUua), cera* 
topsia {Monoclcniuat SUgouraa), iguanodons {Gioiwdon^ Traehodon)^ and mammals 
iPtUodua, Boreodon).^ 

Farther north marine and coal-bearing strata of Cretaceous age have been found, to 
extend into Yukon. The plants obtained from them' include species of Taxodiuvit 
Olyploatrobtu, Corylua, Juglana, Hequoia, while among the sheila arc Diaeina Davnoni, 
Oyprina yukonenaia, Schlanbachia borealia, Seaj^Uea, and in one plaoe abundant 
speoimene of one of the varieties of AucelUi moaquenaia.* On the eastern side of the 
Rocky Mountain axis Cretaceous formations in a plicated condition display the same 
comm^ling of marine organisms and terrestrial plants. From the botanical evidence 
Sir J. W. Dawson believed that he could make out three successive series suioug these 
strata. At the top he placed the Mill Creek scries, which supplied him with some 
ferns, cycads, and dicotyledons, regarded as indicating a horizon not far removed 
from the Dakota formation. In the middle came his Intermediate series observed in 
Alberta, and containing Aaplenium, Olyptoatrvbiis, Ttuodium, SUrculia vetuatula, and 
Laurtu creuainervia. The lowest series was that named Kootonie, from its occurrence 
at the Kooteny Pass, which originally furnished 27 sjiecics of plants, among which no 
species of angiosperms was detected.’ The study of the invertebrate remains fi'om the 
distorted Cretaceous rocks of the Foot Hills and Rocky Mountain ridges led to the 
recognition of what may be representatives of the United States series from the Dakota 
up to the Laramie formation. The Upper Cretaceous series appears to bo widely spread 
over Manitoba and westward over the Great Prairie plateau in Alberta, AssinitKiia, and 
Saskatchewan, where also the typical formations of the Western United States have 
been identified. An intermediate group, however, the “Belly River series" above 
referred to, has been intercalated between the Montana and Oilorado formations. It 
is developed in Northern Alberta and Western Assiniboia. The plants in this seriee 
were found by Sir J. W. Dawson to include some deciduous species, which also occur in 
the Canadian Laramie group. The invertebrates aie brackish or fresh-water shells, and 
the vertebrates include the interesting assemblage already mentioned. 

Sontli AiBtrioa.—The Cretaceous system has been found to be well developed even 
as far south as Patagonia, where the following succession of formations in aar^nding 
order has been ascertained by Mr. J. B. Hatcher. The oldest rocks visible are certain 


* * Contributions to Canadian Palwoutology,' published by Canadian Geol. Murv., vol. UL 
Part iL (1902), by H. F. Osborn and L. M. buube. 

* O. M. B^wson, Ann. Rep. (Jeol. Surv. Vanada, 1889, pp. 1-227 B. 

* Tnma. Ray, Soe, (knada^ iiL (1885), p. 11. 

VOL. U 2 L 



IS18 


STKATiiiKJUrnAiJAJi WJiWbWWJ •' 

— — "' 'fji'" ' " ’ - 

black, hard, fractured slates with obscure ammonites, possiblj of Jurassic age. The 
lowest portion of the Cretaceous strata, named the Pueyrredon series, is about 800 feet 
thick. At its base lie soft green sands or marls with Exogyra (about 100 feet), surmounted 
by conglomerate (20 feet), with petrified wood perforated by small boring mollusks. 
Tlien come alraut 300 feet of soft greenish sandstones and clays (Belgrano beds), which 
towards the top are rich in remains of characteristic Mesozoic invertebrates indicative 
of Middle Cretaceous age. These strata pass up conformably into 330 feet of red and 
variegated sandstone and conglomerate. The Upper Cretaceous rocks forming the 
Ban Martin series are estimated to be 8500 feet thick, and appear to lie with a slight 
unconformability on the lower members of the system. They begin with a series of 
hard variegated sandstones (Areuiscas Abigarradas beds, 1850 feet) yielding hardly any 
fossils, but covering a large extent of country, and giving rise to striking topography. 
Next in ascending order are the Lower Lignite beds (1500 feet), including vast quantitiea 
of tree-trunks, forming beds 20 to 80 feet thick. These are followed by the Guaranitic 
or Deinosaur beds (600 feet),— soft, dark or mottled clays and shales, with bright red, 
green, and orange layers, containing fairly abundant deiuosaurian remains. These, 
which apiK’iar to be the youngest Cretaceous rocks in South America, are comparable 
with the Laramie group of the United States.' 

Auatralaaia. — Representatives of the Cretaceous system occupy a vast area in 
Australia. In Queensland their lower member ( “ Rolling Downs Formation ” ) is 
estimated to cover three- fourths of the whole of the colony. This group of strata is 
found in some districts to pass down conformably into the plant-bearing Jurassic rocks, 
and elsewhere to lie unconformably on ancient schists, slates, and granites. It has 
yielded numerous species of foraminifera, brachiopods, lamellibrancha {Ostrea vesi- 
fltt/osa, Aucella^ Inoceramm, Pinna, Mytilus, Ac.), gasteropoda, belemnitcs, 

ammonites of the genera Amallheu^, Schlanbachia, Haploceran, also Hainiies, Ancy- 
locera$, Criocrras, and Nautilus : likewise fishes of the genera Lamna, AspidorkynchnSr 
Belonostomus, and various ichthyosaurs and plesiosaurs. The Upper Cretaceous for- 
mations are represented by the “ Desert Sandstone,” which must itself have covered at 
least three-quarters of the colony. It lies on an upturned and denuded surface of the 
Lower CroUoeous formations and contains land-plants and a marine fauna {Micrastery 
Mynchonella, Ostrea, Trigonia, Belemnites).^ 

In New Zealand the “ Waijwira " formation of Canterbuiy is believed to represent 
Upper Cretaceous an<l possibly some of the older Tertiary horizons. It consists of 
massive conglomerates (sometimes 6000 to 8000 feet thick), sandstones, shales, brown- 
coal seams, and ironstones. The plants include dicotyledonous leaves, cones and 
branches of arauoarians, and leaves and twigs of Datnmara. Among the shells no 
cephalopoda nor any of the widespread hippurites have yet been found. With the re- 
mains of fishes {OdonUupis, Lamna, Hyhodns) occur numerous saurian bones, which have 
been referred to species of Plesiosaurm, Manimums, Polycotylus, Ac.* According to the 

' J. B. Hatcher, Ama\ Journ, Qeol. ix. (1900) p. 89. The huge Deinosaurs of the 
Argentine Republic {Titaiwsaurus, Argyrosaurus) have been described by Mr. Lydekker 
{Ann. Mus. La Plata; PaltmmUAogia ArgeiUina, Parts il. and iii.). Mr. A. Smith Wood- 
ward has also named some small crocodiles {Notoiwhus), an armoured chelonian {Mudania), 
and a snake, and has called attention to the remarkable mingling of ancient and modern 
types of animal life in the some collection, and to the remarkable resemblance between the 
Patagonlan*fauna and that of Australia, Proe. 2ool. Soc. i. (1901), p. 169. The commingling 
of types may be partly due to inexact observation in the field and the confhsion of strata of 
very different ages (soopostea, p. 1244). 

R„L* Jack and R. Etharidge, jun., ‘ Geology of Queensland,' chaps. xxxL-xxxiv. 

* Etheridge, Q. J. O. S. xxvlU, pp. 188, 840. Owen, Oeol. Mag. vil p. 49. Hector, 
Trans. New Uiiand /net vL p. 888. Haast, ‘Geology of Canterbury and Westland,’ 
p 291. HttUoi and Ulrich, ‘Geology of Otago,’ p. 44. 



ixmJKsr SMKIXB IXH 

; -i- 

wwk of tho Goologieol Survey Department of New Zealand, the Gretaoeous systeiii con* 
^ta of a lower group (500 feet) of green and grey incoherent eandatonea, in which bade 
of bituminous coal occur on the west coast (liOwer Greensand), surmounted by a man of 
•trata (2000 to 5000 feet) which appears to connect the Cretaceous and Tertiary aeries. 
I^e upper part of the group (consisting of marls, greensand, limestone and chalk with 
flints) is thoroughly marine in origin, with Aneylourm, Bclemnite$, KmUttarin^ 
a plesiosaur, Lficdon^ Ac. The lower (tortion, which is capped hy a black grit witli 
marine fossils, contains the moat valuable coal-deposits of New Zealand. The plants 
include dicotyledonous and coniferous forms closely allied to those still living in the 
country.^ 


Pakt IV. Cainozoic or Tertiary. 

The close of the Mesozoic periods was marked in the west of Kurope 
by great geographical changes, during which the floor of tho CrcUiceous 
sea was raised partly into land and piutly into shallow marine and 
estuarine waters. 'Diese events must have occupitMl a vast period, so 
that, when sedimentation once more liecamc continuous in the n-gion, 
the organisms of Mesozoic time (save low forms of life) hail, as a whole, 
disappe:ire<l and given plac(; to others of a distinctly more nuslern type. 
In England, the interval between the Cretaceous and tho next geological 
I)eriod represented there hy sedimentJiry formations is marked by the 
abrupt line which separates the top of the Chalk from all later aeenmula> 
tions, and by the cvi<lence that the Chalk seems to have }>een in some 
places extensively denuded before even the oldest of what are called the 
Tertiary formations were dci)osiied upon its surface. There is evidently 
here a considerable gup ifi tlie geological record. We have no data for 
ascerUining what w'as the general march of events in tho south of 
England between the eras chronicled re.sj)eetively by tho Upper C'halk 
ami the overlying T'hanet beds. So maiketl is this hiatus, that tho belief 
w:is long prevalent that the close of Mesozoic time was marked hy one 
of th«! grciit breaks in the geological history of the glolaj. 

Mere and there, however, in the Fianco- Belgian basin, traces of 
some of the missing evidence are obUinablc. We have seen that 
the Danian shelly and polyzoan limestones contain a mingling of true 
Cretaceous organisms with others w'hich arc characteristic of the older 
Tertiary formations. The fragmentary deposits in w'hich this transition 
can fee traced arc interesting, in so far as they help to show that, though 
in w'cstern Europe there is, on the whole, a tolerably abrupt separation 
betw'een Crctjiceous and Tertiary deposits, there was nevertheless no real 
break between the tw'o periods. The one merged insensibly into the 
other ; but the strata which would have served as the chronicles of the^ 
intervening ages have either never been deposited in the area in qiujstion, 
or have since been in great measure destroyed. In southern Btirope^ 
especially in the south-eastern Alps, and probably in other parts of the 
Mediterranean basin, no sharp line can be drawn between Cretaceous and 
Eocene rocks. These deposits merge into each other in such a way as to 
show that the geographical changes of the western region did not extend 
^ Hector, ‘HanUbook of New ZealauU,’ 1883, p. 29. 
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into the south and south-east. In North America, also, on the one side, 
and in New Zealand on the other, there is a similar efiacement of the 
hard and fast line which was once supposed to separate Mesozoic and 
Tertiary formations. 

The name Tertiaiy, given in the early days of geology, before much 
was known regarding fossils and their history, has retained its hold on 
the literature of the science. It is often replaced by the terms Cainozoic” 
(recent life) or “ Neozoic ” (mw life\ which express the great fact that it 
is in the series of strata comprised under these designations that most recent 
species and genera have their earliest representatives. Taking as the 
basis of classification the percentage of living species of mollusca found by 
Deshayes in the different groups of the Tertiary series, Lyell proposed a 
scheme of arrangement which has been generally adopted. The older 
Tertiary formations, in which the number of still living species of shells 
is very small, he named Eocene (datm of the recent), including under that 
title those parts of the Tertiary series of the London and Paris basins 
wherein the proportion of existing species of shells was only 3J per cent.^ 
The middle Tertiary beds in the valleys of the Loire, Garonne, and Dor- 
dogne, confining 17 per cent of living species, were termed Miocene 
(less recent), that is, containing a minority of recent forms. • The younger 
Tertiary formations of Italy were included under the designation Pliocene 
(more recent), because they contained a majority, or from 36 to 95 per 
cent, of living species. This newest series, however, was further sub- 
divided into Older Pliocene (35 to 50 per cent of living species) and 
Newer Pliocene (90 to 95 per cent). A still later group of deposits was 
termed Pleistocene (most re^mt), where the shells all belonged to living 
species, but the mammals were partly extinct forms. This classification, 
though somewhat artificial, has, with various modifications and amplifica- 
tions, been adopted for the Tertiary groups, not of Europe only, but of 
the whole* globe. The original percentages, however, often depending on 
local accidents, have not been very strictly adhered to. The most impor- 
tant modification of the terminology in Europe has been the insertion of 
another stage or group termed Oligocene (few recent), proposed by 
Beyrich, to include strata that were formerly classed partly as Upper 
Eocene and partly as Lower Miocene.^ 


^ Some pel«eontologi«tB, however, doubt whether any older Tertiary species, except of 
foraniinifera or other lower organisms, is still living. 

Other divisions of the organic world have been proposed as the basis of a chronological 
arrangement of the Tertiary formations. Of these schemes the most important are those 
which have made use of the succession of the higher vertebrates as the groundwork of 
classification. Oaudry showed how the Tertiary formations of Europe were marked off from • 
each other by the appearance and disappearance of successive types of mammalian life 
('Lea Ench^dnements du Monde Animal — Mammifervs Tertiaires,’ 1878). Boyd Dawkins 
proposed the fossil mammalia as the basis of a stratigraphical arrangement {Q. J. O, S, 
1880, p. 879). Dr. Forsyth M^jor has elaborated a table of the succession of mammalian 
geznra firom the THu to the top of the Lower Pliocene (C/eof. Mag. 1899, pp. 60*69). 
Marah employed not only mammalian types but the remarkable reptilian forms supplied by 
the Meeoaolc and Cainosoic rooks of the United States, and he in some oasee named a 
formation or group of strata from its moet characteristic vertebrate, as in the case of 
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Some writen, recognising a broad distinctiion between the older and 
the younger Tertiary deposits of Europe^ have proposed a classihoation 
into two main groups : 1st, Eocene, Older Tertiary or Palieogene, including 
Eocene and Oligocene ; and, 2nd, Younger Tertiary or Neogone, com- 
prising Miocene and Pliocene. This subdivision has been advocated on 
the ground that, while the older deposits indicate a tropical climate, and con- 
tain only a very few living species of organisms, the younger groups point 
to a climate approaching more and more to that of the existing Mediter- 
ranean basin, while the majority of their fossils belong to living species.^ 

The Tertiary periods witnessed the development of the present 
distribution of land and sea and the final upheaval of most of the great 
mountaiu'chains of the globe, Some of the most colossal disturbwces 
of the terrestrial crust, of which any record remains, took place during 
these {>criodB. Not only was the Hoor of the Cretaceous sea upraised into 
low lands, with lagoons, estuaries, and lakes, hut afterwards, throughout 
the heart of the Old AN'orld, from the Pyrenees to Japan, the l)ed of the 
early Tertiary or nummulitic sea was iipheaved into a succession of giant 
mountains, some portions of that sea floor now standing at a height of 
at least 1 6,500 feet above the sea. 

During Tertiary time also there was an abundant manifestation of 
volcanic activity. After a long quiescence during the succession of 
Mesozoic periods, volcanoes broke forth with great vigour both in the 
Old and the New World. Vast floods of lava were poured out» and a 
copious variety of rocks was produced, ranging from highly basic basalts, 
limhurgites, and peridotites to rhyolites, quartz felsites, and granites. 

The rocks deposited during these periods are distinguished from 
those of earlier times by increasingly local characters. The nummulitic 
limestone of the older Tertiary groups is indeed the only widespread 
massive formation which, in the uniformity of its lithological and paleon- 
tological characters, rivals the rocks of Mesozoic and Palasozoic time. 
As a rule, the Tertiary deposits now visible as part of the dry land are 
loose and incoherent, and jiresent such local variations, alike in their 
mineral composition and organic contents, as to show that they were 
mainly accumulated in detached basins of comparatively limited extent, 
and in seas so shallow as to be apt from time to time to be filled up or 
elevated, and to become in consequence brackish or even fresh.''' These 
local characters are increasingly developed in proportion to the 
recentness of the deposits. The pelagic accumulations of Tertiary time 
Atlftnt<wanrus Bed«,” “Ceratops Bedji,” ** Broutotberium Bedn,’* ‘‘PliohippiiH Beda’* 
{Amer, Journ. Sri. xiv. (1877), pp. 338-378 ; vL (1898), p. 483 ; 1898, p. 566),. 

* Th« name principle has been carried out with greater precision by Messrs. Osborn, Wortnuu, 
and Matthew, who have prepare<l a table of the succession of formations id the who)* 
Tertiary series of the West, and have places! opposite to each sabdivision the name of the 
vertebrate fowil by which it is more particularly characterised {BmN. Avier. Mm. Nat. ffitt, 
xiL (1899), p. 20). 

* Homes, Jahrb. Oeol. Reickmntt. 1864, p. 510. 

* The peculiar characters of the Tertiary rooks of the Western Territories of North 
America are, however, displayed over areas which in Europe would be regarded a* 
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Ml for the most part lie beneath the oceans in which they were laid 
down, though here and there, as in the Pacific basin, upheaval connected 
with volcanic action has raised some parts of the limestones above sea- 
level (ante, p. 621). 

Climate during Tertiary time underwent in the northern hemisphere 
some remarkable changes. Judging from the terrestrial vegetation 
preserved in the strata, we may infer that in England the climate of the 
oldest Tertiary periods was of a temperate character,^ but that it 
became during Eocene time tropical and subtropical, even in the centre 
of Europe and North America. It then gradually grew more temperate, 
but flowering plants and shrubs continued to live even far within the 
Arctic circle, where, then as now, unless the axis of the earth has mean- 
while shifted, there must have been six sunless months every year. 
Growing still cooler, the climate passed eventually into a phase of extreme 
cold, when snow and ice extended from the Arctic regions far south into 
Europe and North America. Since that time, the cold baa again diminished, 
until the present thermal distribution has been reached. 

With such changes of geography and climate, the plant and animal life 
of Tertiary time, as might have been anticipated, is found to have been 
remarkably varied. Entering upon the Tertiary series of formations, we 
find ourselves upon the threshold of the nlodern types of life. The ages 
when lycopods, ferns, cycads, and yew-like conifers were the leading forms 
of vegetation, have passed away, and that of the dicotyledonous angiosperms 
— the hard-wood trees and evergreens of to-day — now succeeds them, but 
not by any sudden extinction and re-creation ; for, as we have seen (p. 
1164), some of these trees had already made their appearance in Cretaceous 
times both in the Old and New Worlds. The hippurites, inocerami, 
ammonites, belemnitcs, haculites, turrilites, scaphites, and other mollusks, 
which had played so large a part in the molluscan life of the later 
Secondary periods, now cease. The great reptiles, too, which, in such 
wonderful variety— deinosaurs, ichthyosaurs, plesiosaurs, pterosaurs, and 
other types — had been the dominant animals of the earth’s surface, alike 
on land and sea, ever since the commencement of the Lias, now vanished. 
On the other hand, the mammalia advanced in augmenting diversity of 
type until they reached a maximum in variety of form and in bulk just 
before the cold epoch referred to. When that refrigeration passed away 
and the climate became milder, the extraordinary development of 
mammalian life that preceded it is found to have disappeared also, being 
only feebly represented in the living fauna at the head of which man has 
taken his place. 

* J. S. Gardner in “ Geology of the Me of Wight,” (Jeol, Surv. 1889, p. 106. 
Is the detailed discuesion of the climate of Eocene time by Max Semper (cited anU, p. 834),. 
lie analyites the evidence furnished by the published lists (sometimes now of little critical 
value) of older Tertiary plants and invertebrates, discusses the probable direction and 
temperature of the marine ourrenta of the period, and concludes that geographical changes 
have had far more influence on climate than has generally been assumed. He considers 
the effect of a displacement of the north pole about 20” towards North America. 
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§ 1. General Gharactera 

Rocks. — In Europe and Asia the meet widely distributed deixwit of 
this epoch is the nummulitic limestone, which extends from the Pyrenees 
through the Alps, Carpathians, Caucasus, Asia Minor, Northern Africa, 
Persia, Beloochistan, and the Suleiman Mountains, and is found in China 
and Japan. It attains a thickness of several thousand feet In some 
places it is composed mainly of foraminifera {Nummulit^s and other genera) ; 
but it sometimes includes a tolerably abundant marine fauna. Here and 
there it has assumed a compact crystalline marbledike structure, and can 
then hardly be distinguished from a Mesozoic or even Palaeozoic rock. 
Enormous masses of sandstone occur in the eastern Alps (Vienna sand- 
stone, Flysch), referred partly to the same age, but seldom containing any 
fossils save fucoids (pp. 1206, 1239). The most familar European type 
of Eocene deposits, however, is that of the Anglo-Parisian and Franco- 
Belgian area, where are found numerous thin local beds of usually 
soft and uncompacted clay, marl, sand, and sandstone, with hard and 
soft bands of limestone, containing alternations of marine, brackish, and 
fresh-water strata. This type of sedimentation evidently indicates more 
local and shallower basins of deposit than the wide Mediterranean 
sea, which stretched across the heart of the Old World in early Tertiary 
time. 

On the western side of the Atlantic the familiar European type of 
soft clays and sands emerges along the coast of the United States as a 
belt which, beginning in New Jersey, broadens out southwards so as to 
cover all Florida, to sweep over the plains around the Gulf of Mexico, 
and to stretch up the valley of the Mississippi into Missouri. As the 
rocks are traced round the Gulf region they are found to have become 
firm sandstones, shales, and limestones, with seams of lignite. In the 
interior a succession of large fresh water lakes was formed, wherein a 
series of sediments was accumulated unconformably upon the Cretaceous 
formations. These deposits have preserved with remarkable fulness, r 
record of the plant and animal life of the time. On the Pacific slope the 
Eocene sea extended for some way inland over the site of Californio, 
Oregon, and Washington. 

Life. — The flora of Eocene time has been abundantly preserved mi 
certain horizons. In the English Eocene groups, a succession of several 
distinct floras has been observed, those of the London Clay and Bagshot 
beds being particularly rich. The plants from the London Clay indicate 
a warm climate.^ They include species of CalliiriSy SoleiwgtrobuSf Ctlpresg^ 
Sequaidt Ginkgo {SaUAuria)f Agavty SmilaXy Ammum, Nipa (Fig. 460), 
Magnoliay Nelumbiu:ny Fidoriay HigkteOy SapindWy EucalgpiuSy CoUmeeutteTf 
Prunusy AmggdaliiSy Faboideoy 4^. Proteaceous plants like the living 

' EttingsbanHea, Proe, i?oy. &ie. zxix. ( 1870 ), p. 888 . 
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Australian Petrophila and hopogon have been asserted to form part of 
the Lower Eocene vegetation, but their occurrence is not yet proved j 
the so-called Petrophiloides is now regarded as an alder (Fig. 460 ).^ 
During Middle Eocene time in the umbrageous forests of evergreen trees 
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Ki^. 400. - Kf^ene riantK. 

o, Sabal oxyrhachla, Heer (mlucod) ; ^ PetrophlloidM Richardsoni ; r, Nlpa Burtinl, Hrongn, ap. (4). 


— laurels, cypresses, and yews — there grew species of ferns {Lygodium, 
Aspleniurtij &c.), also of many of our familiar trees besides those just 
mentioned, such as chestnuts, beeches, elms, poplars, hornbeams, willows, 
figs, planes, and maples. The subtropical character of thf) climate was 



Kig. 401.— Numniiilitic Limostone (3X 


shown by clumps of Pandanus, with here and there a fan-palm (Fig. 460 ) 
or featfier-palm, a tall aroid or a towering cactus.^ 

* J. S. Gardner, op. rit. p. 108. 

* J. 8. Gardner and C. B. Ettingshaniian, ** British Eocene Flora,” 2 vola. Palmontograpk, 
Soc, 1879-86 ; L. Cri4, ** Recherchea sur la Vegetation de TOneat de la France 4 I’Epoqne 
Tertlaire,” Sritu. OM, ix. (1877) : Ettingahanaen, /*roe, Soe. xxx. (1880), 
p. 228 ; Comte de Saporta, ' Le Monde d«M Plantea,' 1879, p. 207. 








Fljt 402.— B<»fena lAtii«‘lUbraiHliv 

n, Cinliuni pnntlonum, Lam. ; b, Corbnla regiilbii^nNiR, Mor. : i. I.tinna M|iiaiiiiiln, ; 

«f, CorblcuU (Cyrena) ctinftfoniiiH, .S«)w. ( j> 

evidence of tropiciil or subtropical conditions. Especially characteristic are 
foraminifera of the genus NumnmlUfs, which occur in pnxligious numbers 





Pig. 4«8. -Bocom OMterDpo«K. 

o, Foiua (CUvaliUiM) lomperua, Brand. (J) ; h, CariUiium (Oampaiiil#) gigautcnin, Uin. (*) ; «, Malania 
(Htlaaatrla) Inqainato, Dafr. (II) ; d, VolatillUiW etevata, Sow. (|) ; r, Rimelta Baaor^lla, D«ib. (|) ; 
/, Conni dapetdltoa. Brag. 


in the nummulite limestone (Fig. 461), and also oc cupy diflerent horiBons 
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in the Engliab and French Eocene basins. The assemblage of moUusca is 
very large, most of the genera being still living, though many of them 
are confined to the warmer seas of the globe (Figs. 462, 463). Character- 
istic forms are Bdmpia, Nautilus, CanceUaria, Fum, Pseudoliva, Oliva, 
Valuta, Conus, Mitra, Cmihium, Melania, TurrUella, Eostellaria, Pleurotma, 
Cffprmi, Natka, Scnla, Corbula, Cyrena, Cytherea (Mei'etrix), Charm, Lucina} 
Fish remains are not infrequent in some of the clays, chiefly as scattered 
teeth (Fig. 464) and otoliths. The living tropical siluroid genus Arius 
has been found in these deposits. Some of the more common selachian 
genera are Lumna, Odontaspis, Myliobatis, Aetobates, Prisiis. Ganoids are 
now rare. Teleosteans are represented by Phyllpdus, Arius, and other 
genera. The Jlocerie reptiles present a singular contrast to those of 
Mesozoic time. They consist largely of tortoises and turtles, with 
crocodiles and sea snakes. It is suggestive to find remains of siluroid 
fish, crocodiles, and chelonians, preserved in deposits of Eocene age, for 
the assemblage is like what may now be met with in tropical seas of the 



Klj?. 404. - -Kijceue Kisheb. 

rt, OdontaapiH elftKaii)*, tooth of, Ag. (J) ; h, Lamiia obliqm, tooth of, Ag. (J). 

present time. An interesting series of remains of birds has been 
obtained from the English Eocene beds. These include Argilloimis 
longipennis (perhaps ropresentotive of, but larger than, the modern 
albatross), Dasaniis, Gastaniis, Halryomis toliapicus, Lithornis vulturinus, and 
OdontopUryx toliapicus, a fish-eating bird with bony tooth-like processes 
to its large beak. From the upper Eocene beds of the Paris basin 
ten species of biitis have been obtained, including forms allied to 
the buzzard, osprey, hawk, nuthatch, quail, pelican, ibis, flamingo, and 
African hornbill.^ But the most notable feature in the palaeontology of 
the period is the advent of some of the numerous mammalian forms for 
which Tertiary time was so distinguished. In the Lower Eocene period 
app^ed the primitive carnivores Arctocyon and PatsBonieiis, two 
with marsupial affinities, the former with bear-like teeth, the latter with 

* For a list of British Eoeeno and Oligoeono mollnsca consnlt the volnmo by R. B. 
Newton, one of the eeries of Catalogoea issned by the British Museum. 

* Owen, Q, J. 0. S, 1866, 1878, 1878, 1880. Boyd Dawkins, * Early Man In Britain,* 
p. 88. Milne Edwards, * Oiseauz FossQes,* U. 648. 
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teeth like thoee of the Tasmanian das^mre ; also the tapir-like Cmyphodon ; 
the small hog-like HyracoOurium, with canine teeth like those of the 
pe<x»uy, and a shape intermediate between that of the hog and the hyrax. 
Middle Eocene time was distinguished by the advent of a group of 
remarkable tapir-like animals (PdatoUterium^ P(daplothmum^ Lofhiodm} 
Pachynohphus) ; creodonts or forms of primitive carnivores (Pt-ovimraf 
Pterodonj Hysenodmy Cynodon) ; and Icmuroids (Hetfrohyun, Mierochomu^ 
Ccefui^hecus)^ the earliest represenUitives of the tribe of monkeys. 
With the upper Eocene j)eri(xl, besides the abundant oblor ta}>ir-like 
forms, there came others {Amplothfrium (Fig. 4()8), Atichitherium\ some 
of which presented characters intermediate l)otwepn those of the tapiroid 
Palseotheres and the true Kquidie. They were altout the size of snuill 



ponies, had three toes on each foot, and arc regarded as ancestors of the 
horse. Numerous hog-like animals {DipUtpui^, Jlyopttlamus) mingled with 
herds of ancestral hornless forms of deer and antelopes (Dklwlnine^ 
Dichodon, Amphitraguhsi). Opossums abounded. Among the carnivores 
above referred to were animals resembling wolves (Oywdon), foxes {Am^ 
phkyon\ and wolverines (Hyxnodtm or Tykdon). There appear to have 
been also representatives of our hedgehogs, stjuirrels, and bats.* 

It is from the thick Eocene lacustrine formations of the western 
Territories of the United States that the most important additions to our 
knowledge of the animals of early Tertiary time have been ma<ie, thanks 
to the admirable and untiring labours, first of Leidy, subsequently of 
Marsh at Newhaven, Cope at Philadelphia, and Osborn and Wortn;^n in 
New York. The herbivorous ungulates appear to have formed a chief 
element in this western fauna. They included some of the oldest known 
ancestors of the horse, with four-toed feet, and even in one form 

* H, Pilhol, Menu OM. Soe, France (8), r. No. 1 (1888). 

* Osudry, * Let Enchttoements do Monde Animsl,’ p. 4 . Bo^d Dswkiiit, * Evly Mtn 
In Britain,* chap, ii L. Rtltimeyer, VerkandL Natwfar. Baed, ix. (1880), Heft 2. 






Kit;. 4C7. >skii1l of Uiiitotlierium (Tinoceni!)) iOKens («buut ,>t). 

and especially striking from their pair of long incisor teeth {TiUotherkmiy 
Anchippodus^ iStj/limlon), This author, from another assemblage of . 
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md bonee of aninuJi about u large as a fox, has proposed to 
establish a separate order of mammals, that of the Mesodactyla, which in 
his opinion stands in somewhat the same relation to the typical ungulates 
tbat the tillodonts do to rodents.^ Still more exti'aordinary were the 
Deinocerata or Uintatheriidie, possessing, according to Marsh, the size 
of elephants, with the habit of rhinoceroses, but bearing a pair of long 
horn-like prominences on the Snout, another pair on the forehead, and a 
single one on each cheek (UinUUheriuvn^ Figs. 466,^ 467, including in the 
same genus the forms described under the names Dnnoceras^ Timcerat^ 
EobasUenSt Loxolophodon). With these animals there coexisted large and 
small carnivores of the primitive typo of the Creodonts (Paimonictis^ 
Vivermvus, AmblycioauSy Patruifelis, Oxyanuiy Miam {Uintanfon)^ Sinvpa, 
Pachyseruiy &c.). There were likewise early types of lemuroid monkeys 
(Anaptomorphus) and others which by some palaH>ntologi8ts have been 
regaided as probably primitive anthropoid apes (Mierosyops). 



§ 2. Local Development. 


Britain. ^—Entirely cotitincd to the south -caHteni juirt of England,^ the British 
Eocene strata occupy two synclinal depressions in the Chalk, which, owing to 
denudation, have become detached into the two well-defined basins of London and 
Hampshire. They have been arranged as in the subjoined table 


liampahire. 

^ j Hearlon Hill or Barton Hands. 
^ I Barton Clay. 


Bracklesham beds, and leaf iieds of 
Bournemouth aud Alum Bay. 


3 


London Clay (Bognor beds). 
Woolwich aud Reading be<is. 


Limdvn. 


Upper Hagshot Sands. 

Mi«ldle Itagshot lieds. jiart of ls>wer 
Bag'ibut SamiM. 

Part of IjOwit Ibigshot Sands. 

London Clay. 

Biiu’kheath or Oldliaven U‘«ls. 
WooUich aud KeioUng betls. 

Thauet Band. 


Lower Eocene. — The Thauet Sand ® at the base of the London liasin consists of 
pale yellow and greenish sands, sometimes clayey, and containing at their bottom a thin, 
but remarkably constant, layer of green -coated flints resting directly on the Chalk. 
According to Mr. Whitaker, it is doubtful if pniof of actual erosion of the Chalk can 
anywhere be seen under the Tertiary de]iosits in England, and he states that the 


^ Marsh, op. cU. (1892), p. 445. See also U. F. Osborn, Joum. Awd. Philadelph. ix. 
(1888). Compare the lists of mammalia, potiea, pp. 1234 and 1243. 

3 This restoration was supplied by Professor Marsh, whose Monograph on the Deinocerata 
the itndent should consult. Mon. U.S, G. S. vol. x. (1886). 

* See Conybeare aifd Phillips, ‘Geology of England and Wales.’ Prestwich, G- J- 0. S. 
vols. ili. vi viii. x. zi. xiii. Edward Forbes, “ Tertiary Fluvio-marine Formation of the Jde of 
Wight,” Man. GeoL Surv. 1856. H. W. Bristow, C. Reid, and A. Strahau, “Geology of the 
Isle of Wight,” Mm. Oeol. Surt. 2nd edit 1889. Whitaker, “ Geology of London,” Mm. 
iHoL 9nTt. 1889. Phillipe, ‘Geology of Oxford and the Thames Valley,’ 1871. 

‘ Mr. J. a Gardner, however, has classed os Eocene the plant- bearing betls of Bovey, 
Antrim, Ac., dawTibed at p. 1251 under the Oligooene subdivision. 

• Prtstwich, gi /. G. & viii (1862), p. 237. 


Thanet Sand oveiywhere lies upon an even surface of Chidk with no visible unoonfonn* 
ability.^ Professor Phillips, on the other hand, describes the Chalk at Reading as 
having been literally ground down to a plane or undulated surface, as it is this day on 
some parts of the Yorkshire coast,” and having likewise been abundantly bored by 
lithodomoiis shells.^ The Thanet Sand apimrs to have been formed only in the Ixindon 
basin ; at least it has not been recognised at the base of the Eocene series in Hamp- 
shire. It has yielded numerous organic remains in East Kent, but is almost unfossili- 
ferouB farther west. Its fossils comprise about 70 known species (all marine except a 
few fragments of terrestrial vegetation). Among them are several foraminifera, numer- 
ous lainellibranclis {Aatarte teiura, Cyprina scuUllaria {planata)^ Oatrea hellovacina, 
Qucullaaa decusaata {craaacUina), Pholadomya cuneata, P. Koninckii, CorhUa regulbUmia^ 
Ac.), a few species of gasteropoda {Natica infundibulum {aubdepreaaa), Aporrhaia 
Sowerbii, Ac.), a nautilus, and the teeth, scales, and bones of fishes [Odontaapia, 
Piaodua). 

The Woolwich and Reading Beds,'* or “Plastic Clay” of the older geolo- 
gists, consist of lenticular sheets of plastic clay, loam, sand, and pebble-beds, so variable 
in character and thickness over the Tertiary districts that their homotaxial relations 
would not at first be suspected. One type (Reading) presenting unfossiliferous lenti- 
cular, mottl(Ml, bright-coloured clays, with sands, sometimes gravels, and even sand- 
stones and conglomerates, occure throughout the Hampsliire basin and in the northern 
and wostorn iwut of the London basin. A second type (Woolwich), found in West Kent, 
Surrey, and Sussex, from Newhavcn to Portslade, consists of light-coloured sands and 
grey clays, crowded with estuarine shells. A third type, seen in East Kent, is composed 
only of sands containing marine fossils. These differences in lithological and palaeonto- 
logical characters serve to indicate the geographical features of the south-east of 
England at the time of de|> 08 it, showing in particular that the sea of the Thanet beds 
ha«l gradually shallowed, and that an estuary now i)artly extended over its site. The 
organic remains as yet obtained from this group amount to more than 100 species. 
They include a few plants of terrestrial growth, sucIj as Ficus Forbesi, (trevillca Jfecri, 
Lauras Ifookcri, Aralia, Lygodiuuu Liriodouirouy and Plalanus — a flora which, 
containing some apiiareutly jicrsistent tyfies, has a temperate facies.'* Tlie laraelli- 
brauchs are i»artly estuarine or fresh -water, jHirtly marine ; chaiacteri.stic siiecies 
being Corbieula cuiici/orniia, V. cordaia, and t\ tellinrlla. Ostrea hellovacina forms a 
thick oyster-bed at the base of the series, be.si(les occurring throughout the group. 
Ostrea teucra is likewise abundant. The gastero(>ods include a similar mixture of 
marine with fluviatilo species (/’ofa/o/</f5 /muitua, Melania [Melanatria) inqninata, Melan- 
opaia buccinoUlea, Neritina ylobulua, Natica inf undihulum, PisamaiFimia) lata^ Fiiiparua 
{Palwiina) lentua, Planorbis hemistomat Pitharella Hkkmanni, Ac.). The fish are 
chiefly sharks {Odontaspia). Bones of turtlo.s, scutes of crocodiles, and remains of 
gigantic birds {(fnstomia) have been found. The highest organisms are bones of 
mammalia, including the Coryphodm. 

The Blackheath or Oldhavon Bed.s,® at the base of the London Clay, con- 
sist in W. Kent almost wholly of rolled tliut-iicbbles in a sandy base, which, as Mr. 
Whitaker suggests, may have accumulated as a bank at some little distance from 
shore. Though of trifling thickness (20-40 feet), they have yielded upwards of 150 
species of fossils. Traces of JVciw, Cinnanmmm, and couif-'ra have been obtained from 
them, indicating perhaps a more subtropical character than the flora of the lieds below, 
»■- — 

* ' Geology of Loudon,' p. 107. 

9 ‘ Geology of Oxford,’ p. 442. 

» Prestwloh, Q. J. Q. S, x. p. 76 ; Whitaker, ‘Geology of London,’ p. 222. 

« C. B. Ettingshausen and J. 8. Gardner, “British Eocene Flora,” Palaemitog. Soe. vol. 

. (1870), p. 29. 

» Whitaker, Q, /. O. & xxiL (1866), p. 412 ; ‘Geology of London,’ p. 214. 
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Imt without the AuetFaUen and Amerioan typea which appear in ao marked a manner 
in the later Eocene florae.^ The organiama, however, are chiefly marine and partly 
eatuarine sheila, the gasteropoda being particularly abundant {Calyplrma aperia {Intcki- 
/urmis), PotamideM funatus, Melania {Mclanatria) ingninata, Katica in/undibHlnm, 
PrUocardia plumtUdientie, Pfoeuticu/ua Urtbredularis^ Ac.). 

The London Clay*** ia a deposit of stiff brown and blmah>grey clay, with layers 
of aeptarian nodules of argillaceous limestone. Its Itottoni beds, conmionly consisting 
of green and yellow sands, and rounded flint- lobbies, sometimes bound by a calcareous 
cement into hard tabular masses, form in the London l^asin a well-marked honxon. 
The London Clay is typically developed in that basin, attaining its maximum thickness 
(500 feet) in the south of Essex. Its representative in the Ham^wbire basin, known as 
the Bognor Beds," and ox|K)8ed at Bognor on the Sussex coast and at Portsmouth, 
consists of clays, sands, and oaloareoua sandstones, thus differittg somewhat, both 
lithologically and palseoutologically, from the typical development in the Ix)ndoii 
basin. The London Clay has yielded a long and vaiied suite of organic re- 
mains, that iwint to its having been laid down in the sea lieyond the mouth of 
a large estuary, into which relics of the vegetation, and even sometimes of the 
fauna, of tlie adjacent land were swept. Accortling to Professor T. Kujiert Jones, 
the depth of the sea, as indicated by the foraminifera of the deposit, may have Iteen 
about 600 feet. Professor Prestwich bos |»oinUHl out inat there are tiaces of the 
existence of pal»ontological zones in the «-lay, the lowest zone indicating, in the east 
of the area of dejtosit, a luaximuiu depth of water, while a jkiogreKsiye shallowing is 
shown by three higher zones, the up^Kirmost of which contains the greater part of the 
terrestrial vegetation, and also must of tlie fish and reptilian reniHins. Tlio foH.Hil.s are 
mainly marine moUusca, which, taken in connection with the flora, indimto that the 
climate was somewhat tropieal in character. The plants include the fruits, seeds, or 
leaves of tlie following, among other genera, the fossils having been mostly obtained 
from the Isle of Sheppey : Seqmm, Pinm, Callitns, (finkqo ; Musa, jS'ijyrt, Salmi, 
Chainterops ; (^ucrcus, Liquidambar, Laurus, Xyttsa, iHosffifrm, Syuiplocos, Magnolia, 
Vieforia, IfighUa, Sapitulus, CupanUi, Eugenia, Eucalyptus, AinygiUUus.^ Diatoms are 
found in the lower fiO feet of the Jjondon Clay,* and numenms foraminitera have been 
obtained by w*asliing Uie clay. Cmstacea abound {XaiUhopniH, Uoploparia). Of the 
lamellibraiujhs some of the moat usual geiieni aie Acicvla, Card turn, Corbula, Nucalam 
{Leda), Mtdiola, Euculn, Pkoladornya, Pinnu, ami Vmcncurdia. Gastero]»ods arc the 
prevalent moliiLsks, the common genera being Plrurotoma (40 sjiecies), Fusus (15 
species), Cyprim, Mnrej. EtUica, Cassis {CiusUlaria), J^/rula, and Valuta . Tlie 
cephalopoda are represctited by 6 or moie sjiecies of Nautilus, by liclosrpiu srpioufea, 
and Beloplera Leveaqvsi. Nearly 100 species of fishes ciccur in this formation, the rays 
{Myliobatis, 14 8]iecies) and sharks (Odontaspis, Lamna, Ac.) being specially numerous. 
A sword-fish {Tetraptrrus priscus) and a saw-fish (Pristis) have likewise been met with. 
The reptiles were numerous, and markedly unlike, as a whole, in those of Bi^condary 
times. Among them are numerous turtles and tortoises (Lytotouux, 3 species, A rgillochclys, 
2 speoes, Trionyx, 1 species, Podccnemys, 2 species. Pseudotrionyx, 1 species), two Hjiecies 
of crocodile, and a sea-snake {Palseophis toliapicus), estimated to have equalled in size 
a living Boa constrictor. The London clay has yielded the birds above mentioned 
{Lithomis vnlturinus, Ilalcyomis toliapicus, Dasomis londiiunsis, Odontoptrryx talia- 
pious, Argillomis longipennia). Thcr mammals inclnded forms resembling the tapirs 
{HyrooUherium, Coryphodon, Ac,), an opossum (Didelphys), and a bat. The carcases 

* J. 3. Oardoer, op. eit. pp. 2, 10. 

* Prestwich, Q. J. O. S. vL p. 265 ; x. p. 436 ; Whitaker, 'Geology of London,' p. 288. 

’ Bttingshausen and Gardner, " British Eocene Flora," PalsHnUograph. Soe. p. 12 ; 

Bttingshausen, Proe. Boy. Soe. xxix. (1879). 

* W. H. Bhrubeole, Joum. Boy. Mieroscop. Soc. 1881. 
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of thece animals mnat have been borne aeawanU bj the great river whiolTtranaported ao 
much of the vegetation of the neighbouring land. 

Mioolk Eocinc.— I n the London basin this division consists chiefly of sands, which 
are comprised in the two sub-stages of the lower and middle Bagshot Beds." The 
lower of these, consist^g of yellow, siliceous, unfossiliferous sands, with irregular light 
clayey beds, attains a thickness of about 100 to 150 feet The second sub-stage, or 
“ Middle Bagshot Beds," is made up of sands and clays, sometimes 50 or 60 feet thick, 
containing few organic remains, among which are bones of turtles and sharks, with a few 
mollusks {Venericardia acuticoda, V. elegans, V. planicoita, V. imbricataf Corbula 
gallka, C. Lamarekii, Oatrea flabdlula). 

In the Ham {white basin, the Middle Eocene series attains a much greater develop- 
ment, being not less than 660 feet thick at the west end of the Isle of Wight where it 
consists of variously-coloured unfossiliferous sands and clays, with minor beds of iron- 
stone and {ilaiit-benring clays, pointing to an alternation of marine and estuarine 
conditions of deposit.^ On Hie mainland at Studland, Poole, and Bournemouth, the 
same strata ap{>ear. The imimrtant series of clays, marls, sands, and lignites, upwards 
of 100 feet thick, known as the Bracklesham beds from their occurrence at Bracklesham, 
on the coast of Sussex, has yielded a large series of marine organisms. Among these are 
the fishes PrialUy Oduntaspia, La»ina, Myliohatia, also the sea-snake PeUaeopkia^ and the 
mollusks Bdoaepia aepioidea, B. Owenii, Oypraea infiata, OiaoHia tuberculoaa^ Marginalia 
ahumaatM. ovulata, Voluta anguata^ V. muricim, VoltUilUhca crenulatiu,F. ipinosua, V. 
cithara, Lyria Brawleri, Milm lidtratulu, Conus deperdittia, C. Latmrckii, PUuroUma 
denlatat P. textiliosa, Manx. {Pteronotua) aaper, Clavalilhea {Puaua) Imtgesmia, Turritella 
imbricataria^ Oatrea doraata, O.flabellttla, Pectm {I*aeud-amuaium) conuua, P. {Amuaium) 
^aquamula, Lima expauMi, Spondylua rariapina, Avicula media. Pinna margarUaeea, 
Modibla {Lilhodoniua?) iJeahayaai, Arcabiangula (Brandan), A. interrupta, A.planieoata, 
Litnopaia granulata, Nncula minor, Nueulana (Ledn) galeottiam, Veneneardia aciUicoda, 
V, elegans, V. imbrieala, V. planicoata, Crasaatella grignonenais, Chama calearata, C. 
gigaa, Nummulitea laavigatua, (AT. acaher) Alveolina fuaiformia.^ The Bracklesham beds 
reappear to a small extent, as greenish clayey sands, in the Lomlon basin, where they 
form [tart of the Middle Bagshot group. 

One of the most characteristic features of the English Middle Eocene division is the 
abundant terrestrial flora which has been disinterred especially from the plant-beds of 
Alum Bay and Bournemouth. It is remarkable that this vegetation is a{)t to occur in 
patches or “ pockets " which may mark the sites of pools into which it was blown by wind 
or trans[)orted by streams, -so that varied though it be, it doubtless affords no adequate 
picture of the variety of the flora from which it was derived. From Alum Bay, in the 
Isle of Wight, according to Ettingshauseu’s census, not fewer than 116 genera and 274 
8{)ecies belonging to 63 families have been obtained.’* A feature of special interest in 
this flora is to be found in the fact that it is the most tropical in general a8{)6Ct which 
has yet been studied in the northern hemisphere. This character is {larticularly indicated 
by the numbers of species of fig, and by the Artocarjwie, Cinohonacew, Sapotacete, 
Ebenaoec, Buttiieriaoew, Boml»aceft*, Sapindaceie, Malpighiscete, Ac. The most con- 
spicuous and typical forms ate Ficna Bowe^nkii, AraHaprimigenia, DryandraaeutUobOf 
J). Bunburyi, Caaaia Ungcri, and the fruits of Caaaalpinia. Many of the dicotyledons 
belong to species elsewhere found in what have been considered to be Miocene deposits. 
More than fifty epecies of the Alum Bay flora are found also in those of Sotzka and 

‘ “Geology of the Isle of Wight " in Mem, OeoL Sarv. p 109. 

* See Dixon’s ‘Geology of Sussex’; Edwards and S. Wood, “Monograph of Eocene 
Mollnsca," Palaaontograph, Soc, 

* Mr. Gardner suspects that in this estimate species from other localities have been 
included with those from Alum Bay, “Geology of the Isle of Wight " in Mem, Oeol, Surv. 
p. 105. 
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Hiiring (p. 1289},irhUe » leaier number occur in thooe of Sezanne (p. 128ft) and tba 
Lignitiv wries of Western America.^ The Bournemouth Ijeds, beliered to be rather 
higher in the series than those of Alum Baj, lie inimeiliately below the Brachleahai , 
beds. They liave yielded none of the prevailing tyjies of plants ooour at Alum 
Bay, but this may no doubt be due to locsal accidents of dep'«iti(m. The Bourne* 
mouth flora is likewise an abundant one, and suggests a comparison ol its climate and 
forests with those of the Malay archiftelago and tropical America.* The celebrated 
lignitiferous deposit of Bovey Tracey in Devonshire, as already mentioned, has been 
referred by Mr. Gardner to this horizon.’ Crocoililes still haunted the waters, for their 
bones sre mingled with those of sea-snskes and turtles, and with tapiroid and other 
older Tertiary types of terrestrial creatures. The occurrence of the foraininiferal genut 
yummtUilcs is noteworthy. Though not common in England, it abounds, as already 
statetl, in the Kocenc deposits of central and eastern Enrojie. 

Uppkk Eocrnk, — The higheat division of the Kiveiie strata of England, according to 
the clasaitication here followt-d, includca the up|H‘rmost part of the Ham)whire aeries, 
which has long been known as the “ Barton Clay,“ with, perhapa, the Up|>cr Bagahot 
Sand of the Loudon liasin. The Barton Clay doca nut occur in that l)asin, but forms an 
important feature in Ham|>&hiro, where, on the clitfa of llordwell. Barton, an 1 in the 
Isle of Wight, it attains a thickiicsa of 300 feet. Itconsiats of grey, greenish and brown 
clays, with l)ands of sand, and has long been well known for the abundauce and 
excellent preservation of iU fossils, cliiefly inolluaka, of which more than 600 speoioa 
have been collected, hut including also fishes (A/rmna, Myluibatta, Aritu) and a crocodile 
{IHpUKynodon). Tin* following list iiicludea some of the more ini]>ortaut species for pur* 
]K)ses of com|)arison with equivalent foreign de|K)Sits : VoltUtlUhea iuetairLr, V. amftfgKM, 
V, athlfta. Conus scabnculna, Oonorbia dormttor^ Plfurotoma rostraUi (and numeroul 
other sjHJcies), ClavalUhea {Fusua) lont/mvita, Syeum jnjrua, Oatrm gigantea, (K fiabdlaUa^ 
Vuhdla dep^Tiiita, Pi'ctea rcconditua, Lma eompta, L. aoror, Aricula turdia, Modiola 
{Alodvdaria) aruumida, M. {Mtnliolai'ut) sulcata, M. tcnuisHriaUi, Area aftjteiuimUaia, 
Fcctnnculns (^Ulycxmrris) dcfcUi, Vnirrienrdn I}avtdinmi, V. sulcata, Vrassatftla sulcata, 
Chauia squamosa, NummiUitcs N. rartvlaria. 

In the London Vwsiii the position of the so-called “Upjwr Bagahot Sands" has lieeii 
the subject of some discdaaion, theie lieiiig no marked separation between them and the 
group known as “ Middle liagshot." They consist of sands with ferruginous conditions 
which have yielded Tvrritella imbricatana, t/strea fiaMlula, and other shells found in 
the Barton Clay. 

Above the Barton Clay and forming the highcNt member of the Eocene series conics 
a mass of unfossiliferousor H|iariiigly foHsiliri‘ruuss.uids, from 140 to 200 feet in thickness, 
so purely siliceous as’ to be valuable for glass-makiiig. These de|iosit8 in the Isle of 
Wight are immediately covered by the base of the Oligocene series. They have been 
called “ Upjier Bagshut," but as they prolmhly occupy a higher horizon than the true 
Upiier Bagahot Sand of the Ijotidon buio, the local term Headon Hill Sand or Barton 
Sand is in-tro convenient for them.'* 

It is probably from the Bagshot sands that the giiat majority of the 80 *called 
“ Grey Wethers ” or “ Druid stones ” of the south of England have been derived, which 
have already (pp. 468, 4fl4) been refen-ed to. 

‘ Ettingshaiisen, Five. Roy. Soc. 1880, p. 228. See J, 8. Gardner, Oeol. Mag. 1877, 
p. 129 ; A'otMjy, xxi. (1879), p. 181 ; tlie Monograph on Eocene Flora already citeU, and 
** Geology of the Isle of Weight '* in Mem. deol. Rurr. p. 104. 

’ J. 8. Gardner, V* (1879), p. 209 ; xxxvilL (1882), p. 1 ; Proe. (hot. 

Assoc, V. p. 51 ; viii. p. 805; Ceol. Mag. (1882), p, 470. 

• QmH. Jonrn. (ini. Soc. xxxv. p, 227 ; xxxvIU. p. 3. For an account of this depoaii 
and Its flora, consult W. Pengelly and 0. Heer, Phit. Tram. 1862. Soc posUa, p. 1251. 

* C. Reid, “ Geology of the Isle of Wight," Mem. Uenl, Sarv. p. 122. 
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Mortheni Franc* and BelginiiL'— The anticline of the Weald which aepaiatca the 
baains of Lorfdon and Hampshire is prolonged into the Continent, where it divides the 
Tertiary aroae of Belgium from those of Northern France. There is so much general 
similarity among the older Tertiary deposits of the whole area traversed by this fold as 
to indicate a probable original relation as parts of one great tract of sedimentation 
Local differences, such as the replacement of fresh -water beds in one region by marine 
beds in another, together with occasional gaps in the recoi*d, show us some of the 
geographical conditions and oscillations during the time of deposition. The following 
teble gives the general grouping and correlation of the Eocene formations in this 
region 


[ Prtabrj. ('’*™ 

f Limestone of St. Ouen. 
Sands of Beauchamp, &c. 
(Sables Moyeiis}. 

( Caillasses or Upper Calcaire 
Grossier (fresh- water). 

Ix)wer Calcaire Grossier 
(fresh- water). 


Wemmelian sands of Belgium. 
Laekenian sands. 

Bruxellian sands and sandstones. 


Sparnacian. Plastic clays and lignite. 

( Limestones of Rilly and 
Sdzanne. 

Sands of Bracheux. 


Paniselian sands. 


Ypresian sands and clays. 

Heersian marls and Landenian sands. 


M. Oaudiy has shown that this classification is borne out by the distribution of the 
nuinmalian remains in the successive subdivisions as indicated in the subjoined tabular 
itatement :* — 


Paris Gypsum 
(Ludianl 


Sands of Beauchamp 
* (Barlonian). 


Calcaire Grossier 
(Lutetian). 

Sands of Guise 
(Londiuiauh 


'Appearance of the genera opossum, Ch<rropotamm, 
TapinUus, Anoplot/ienum (Fig. 468), Enrytht-num, 
CHuot/iemim, Anchilophm, Acvtherulvm, Vebo<'hfpru.-t, 
Xiphodmi, Amphnncryx, l^lrmtidomys, dormouse (?), 
TrecJiomys, daltthylux (?). HyKioHiim^ Adapis, Iteign 
of pachyd«rm.H. The carnivora have still partly 
^ mar.supial characters. 

{ Appearance of the genera MicnKhcenu, Chcei'tAHot'us, 
Ithayafheriuuu Uyoindavius, Diplnpus, JJirJioftune, 
hedgehog (?), Thendmnys, squirrel, Sciumdat, Amphi- 
cyiriif Cywidon, bat. 


I Appearance of the genera Averat/utrium (1), Palieotherium^ 
Pahplitfherium, J^qihiodon, Pachymlophm^ Pterodon, 
[ Pnmcerra, Citnopxthecm. 


I Appearance 


of the genera HymcoUitrium and PHolophns. 


Lignites of the Sois- 1 . 

sonmiis (Sparnacian). ) of the genera Coryphwlnn and Palteonictia, 

Glauconitic sandstone \ ^ ^ . 

of L.F^r.(Tli.n,««n). | APP“~“« »f 


» For a comparison of the liower Eocene groups of Paris, Belgium, aud Englaud, sew 
filbert, £. K a. F. (8), ii. p. 27. A. Rutot and O. Vincent, Ann. JSoc. Btlgique 
d. (1879). Prestwioh {JBnl. Jssoe. 1882, p. 688) regaitled the Sables de Bracheux ss m- 
msenting only the lower part of the Woolwich beds. 

* *Les Enohatnements du Monde Animal dans les Temps Geologiquea—Mammif&ies 
rertlalres,* Paris, 1878, p. 4. Compare the American table, poateo, p. 1243. 
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towiit SooBKS (Fil 60 oeM).-->Iii the Farit baata atriaia gUmooDitie laadt fam 
la aacdlaat bcn»m, wbioh torrMpoodi to tha Thanet Saad of Aiglaad tad Dumoai't 
^'SjaUme Landtuien” in Belgium.* They are aometiinea indurated ioto a compeet 
•tone and are marked by the ooonrrenoa of Cyprina mddlaria. In the Department of 
the Oiae they form the Sablea de Braoheux— greeniah glauconitic aanda with a baaemeut* 
baud of green-coated flinta retting generally directly on the Chalk. Thia aandy memlier 
of the aeriea, traceable as a definite platform through the Anglo-French and Belgian 
area, oontaina among its characteriatic fossils Phoiadoniya euneata, P. Koniwkiit 
Cucullma ertuaalitia, PecUn {Propeamuiiiitn) bretnaurUtu, Piamtnobia {Gari) iUtfvtnini, 
0»trta belloxxuina, TurriUUa bellovaeina, Nalica deiihaj/aiana, VotviiliUus dtpresBut. 
Above these sandy marine strata come the sands, marls, and limeatones of Billy near 
Heims, with freah-water sheila. Farther south thcae various deposits are replaced by 
the travertine of Sdzanne, about fifteen feet thick, which has yielded a rich assemblage, 
of terrestrial plants {Cham, Japlenium, Al$opkila, Juglandilet, Sa*aqfrai, Ftris, Hedetn, 
Ac. ),- together with caddis- worms, insects, and crustareana* The sandy strata at 
the base of the Eocene series of the north of France, together with the- Hilly and 
Sezanne deposits, are classed as forming the Thanetian stage of the aeriea Above 
these deposits comes the “Argile plostique" of the Paris basiu, with the essociated 



lignites of the Soissonnais. The molluscan fauna of these strata resembles that of 
the Woolwich and IleatUng beds, Ostrea htUomcina, Melania {Melanatria) inguinata 
and Corbicula cunriformia being common shells. This division of the series has Iseen 
named the Sparnacian stage from its development at Eiiernay (Spamacum). The 
London Clay, though well te])resented in Belgium and French Flaudera, does not extend 
into the Paris basin, where it appears to be represented by a group of sandy strata 
which, in the valley of the Aisne, are more than 160 feet thick, and overlie the lignites 
of the Soissonnais. These sands (Sablea dc Guise or du Soissonnais) contain, among other 
abundant and well-preserved marine organisms, NummuIiUn plantUalua, TurriUtla tdUa, 
T. hybrida, Crasecdella propinqua, Larim aquanmla. These strata, which may be the 
equivalent of the lower part of the English Bagshot Sand, form the highest member of 
the Lower Eocene stages of the Peris basin. From the typical development of this clay 
in the London basin this stage has been named Londinian ; other writers have termed it 
Ypresian from Ypres in West Flanders, where the Belgian ,type of the clay is well seen. 

The Ia>wer Eocene formations in the Belgian area present some diifereucea from those 
of the Paris basin. They have been grou|>M by Dttinont into a aeries of '’aystimea.” 

* Hubert, Ann. Scirnea <JM. iv. (1873), Art. iv. p. U. On the relations between the 
sands at the base of the Eocene series in the north of France and the PaHs basin, see 
Goseelet, DtUl. Serv. Carte. OM. France, No. 8 (1800). 

I Saporta, Mtm. Soc. GM. France, (2) viii. ; * Le Monde dee Flantea,’ p. 2i2 et eeq. 
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Above the Monti*n, which is now placed at the top of the Cretaceoue series, comes the 
"Syst^me Heersicti/* so named from its development at Heers, in Limbouig. With a 
total depth of about 100 feet, it consists of (1) a lower division of sandy beds, with 
Cyprim ieuUllaria, 0. Morrisii, Modiola elegant, and other marine shells, some of which 
occur in the Thanet Sand of England and the Sables de Hracheux ; and (2) an upper 
division of marls (Mames de Gelinden), containing, besides some of the marine shells 
found in the lower division, numerous remains of a terrestrial vegetation {Omunia 
ecceniea, Chammcyparis helgica, Poaeitea laiiastmus, and species of Quercua, Salix, 
Cinnamoinum, Launia, Viburnum, Hedera, Aralia, Ac.)* 

The “Systfeme Landenien,” corresponding to the Woolwich and Reading beds of 
England and the Argile plastique and Lignites du Soissonnais of France, is divisible 
Into two stages: Ist, Ix)wer marine gravels, conglomerates, sandstones, marls, Ac., 
with badly preserved fossils, among which are Turritella bellovacina, Cwullxa decuaaata 
[craaaaiina), Protocardia Edwardai, Oyprina aeutdlaria, Cw^mla regulhientia, Pholg- 
iomya Koninckii ; 2nd, Upper fluvio-marine sands, sandstones, marls, and lignites con- 
taining Afelania (Melanatria) inquinata, Melanopaia biiccinoidea, Potamidea funatua, Oatrea 
)ellovadrui, Ccrhieida cunxiformia, with leaves and stems of terrestrial plants. 

The “Systime Ypresien” consists of a great series of clays and sands answ'ering 
jenerally to the London Clay. It is divided into two stages : Ist, Lower stiff grey or 
3rown clay (Argile de Flanders or d'Ypres), sometimes becoming sandy, and probably 
in eastward extension of the London Clay. The break between this deposit and the 
:op of the Landenian beds below is regarded as filled up by the Oldhaven beds of the 
Liondon basin. The only recorded fossils are foraminifera agieeiug with those of the 
London Clay and some Crustacea (XatU/topaia). 2nd, Upper sands with occasional 
enticular intercalations of thin greyish-green clays, with abundant fossils, the most 
Vequent of which are Nummulitea planulatua (forming aggregated masses), Turritella 
'dUa, T, hybrida, Vermctua bcgnorenaia, PeUen comeus, Peetunculua decuaaatus, Lucina 
qmmvla, l>Urupa plana. Out of 72 species of moUusks, 45 are found also in the 
JablCs de Cuise and 20 in the London Clay.* 

The “Systi^me Paniselien,” so named from Mont Panisel near Mons, consists chiefly 
)f sandy deposits not markedly fossiliferous, but containing among otlier forms liimella 
iaanrella, Volutilithea demtua, TurrUella Dixoni, Merelrix [Cytkeren) ambigua, Lucina 
iquamnla. Out of 129 species of mollusca found in this deposit, 91 apjicar in the 
Pablos de Cuise, and only 86 pass up into the Calcairc Grossier. Hence the Paniselian 
)eds arc placed at the top of the Lower Eocene stages of Belgium. 

Middlk Eooknk.— This division is so fully develoi^d in the Paris basin that the 
lanie of Lutetian (from Lutetia, the old appellation of Paris) has been given to it. It is 
-here foimed by the characteristic, prodigiously fossiliferous Culcaire Drossier, which is 
lubdivided as under 



Upiw sub- 
group with 
Cardiumoblt- 
^nmand Ve- 
rithinm den- 
iieulatum. 

Middle sub- 
group with 
Lucina aaxtt- 
rum and Mi- 
Hola, 


> 


4. Limestone with Cardium obliquum and Cerithivm 
blainviUfi. 

3. Limestone with Centhium denticulatum and Putamidea 

crUtatvs, 

2. Siliceous limestone with undetermined forms of Poia^ 

midea. 

1. Coral limestone (Styloctrnia). 

4. Siliceous limestone with parting of laminated marl. 

3. Limestone in small thin boards with Corbda (Rochette). 

2. Limestone with Miliola and Lucina aaxormn (Roche). 

1. Siliceous limestone with indeterminate fossils (Bancs 

fhincs). 


' De SaporU and Marion, Mha, Cour. Acad. Roy. Relg. xli. (1878). 

* Mourlon, *Geol. Belg.’ p. 211. 

DollAl^ R. S. O. F. 3* sir. vi. (1878), p. 269 ; Michelet, op.eU.2* ser. xil. p. 1886. 
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4. Uiu«tton« <d<rfomitie) witli Jiitiula (CUqntrt), 

i Green inerl . . j 

SKUceone limectone In two bedft V Bnnc vert 
Green marl . .1 

2. MilioU Umeatone (dolomiUo) (Saint Norn). 

1. Siliceoui llnieetoue with.JPotaMwiat. 

G. Limeatone with Lucina eoneetUrica, Area Aar&oiida, CterirfittHi {Lilkth 
cardiuHi) avieulare^ Miliola^ kc, 

4. Limestone with Sjfcum buih^fomu^ Wilvaria buliouiej!. Car- 

diun ffranulotum. Area quadnlaiera^ aeveral apociu of large Fluetra 
or J/emGranipom. 

3. Limeatone with Fabularia and terreatnal vegetation {iirbttoiite* com- 
plamta, Chama eaicarata, Vetiericardia imbricatOy ke.). 

2, Masa of MUinUi Umeatone {THrrdeUa unGrtar/aria, Chama caleanUa, 
Lncina mutahUii, kc.). 

1. Limeatone with Miliola and Terrbratula {T. hinnuata). 

G. Glauconitic calcaire groaaier with Cerithium (CampaniU) gigaiUcum 
(Banc h Verina). 

4. (ilauconitio calcareoua aand with /jgHi/a pateUaru. 

3. Sandy glauconitic calcaire groMier, with Vardium jjoru/oaii)H. 

2. Sandy glauconitic calcaire groaaier, with Kummtdilea Urrigatuiy N. scaher, 
(Jstrea 7HM/tieo$tata, O. Jlabel/u/a, jMfrupa plana, 

1. (tlauconitic aand, aoiuetimes calcareoua and indurated, with pebblea of 
green quartz, ahark'a teeth, and rol]e«l fragtnenla of coral. 


Lower aub- 
group with 
Patamidesia-- 
pidnm and 
Mituda, 


The Lutetian atage of the l*aria baain ia reganlml aa the probable eijuivalent of the 
Lower Hagahot aanda and the elaya of Brackleaham and Bournemouth in the Engliah 
Tertiaiy aeries. In Belgium the Middle Eocene presents a different asiiert from that of 
IWis, approximating rather to the English type. It consiata of (1) a lower set of sandy 
iH'da (alwut Ifd) f(M!t) groujwd under the name of “ Bruxellien,” rich in fossils, which, 
however, are usually badly preserved. Among the forms arc remains of ternwtrial 
vegetation (A7;Wi7« Burlini), also Parajcyuthni erassusy MnretUi grignawruis, Pyripora 
contesta, Oaircu ctfinbvUty CardiUi {Miodoa) decmuaUiy Chama calcarala, Cardium poru- 
lotium, Ccrithiinn (Scmivertaguf) unmilealatn, NeUica labcUaia, VohUa tiwota, Ancilla 
bHccimUkSy CluvalitfiM {Fnsiis) ImtjKruH, numerous remains of lishes, eaiiecially of the 
genera MyHobatiA, OdantatpiSy Lamm, Galeocerdo, and various reptiles, including species 
of Triomjr and Chrloju, with A’mj/a Campeti, Oavialis JMroni, and Paltrophia tifphmM ; 
(2) a grou]» of aamls and fossiliferous calcareoua sandstones (" Laekeniau "), made up of 
iJitrupa drangxilata and Nummuliten (N, lirvigat^ts, N. tmber, N. Hiberti, N. variolarivM)^ 
and abounding in Aminia sublirvigata. 

During Middle Eocene time some fissures in the Jurassic limestone were filled in from 
the surface with detritus in which the carcases were covered up of many of the animals 
of the time that fell into the rents. Among these de}K>8its the most noted is the breccia 
of Egerkingen in the Canton of Solothurn, from which a remarkable assemblage of 
terrestrial animal remains has been obtained, including lemuroids {Cmnopithectu, 
Adapts, A’iscredmur), chiroptera ( Fespertiliavm), creodonts (A'row'rerra, I*Urod(nt)y true 
carnivores (Pseudmlurus), ro<lent8 {Plesiarctomijs, Seiurus, Seiuroides), ungulates 
{Diehodmy Xiphodatiy Dichobatu, Hyopotamm, CebocfumiSy Stis, Lephiodony Paehyno- 
tophus, Palseothsrium, Pdloplotherium, AnchUopkus, Phmacodus, Meniscodon, kc.),' 
Uppir Eoceke.-~1b the Paris bsain this subdivision consists of the following 
stages :* — 

f First band of gypsum (Hinte masse or Oype lacustre}.* This highest and 
j roost important gypsum bed of the Paris basiu (65 feet thick at Montmartre), 


* L. Rdtimeyer, Verhandl. Naiurf. Basd. ix. (1890), Heft. 2. 

’ See Dollftia, op. cU. 

* For a detailed account of the interesting roiusralogy of the gyisieous ileposite of the 
Fans basin, see A. Lacroix, ATowe- ArvA. Musfuut, ix. Paris, 1897. Tbc Piris gypsum and 
maria form the stage termed ** Lndiaii.’* from Lndea in the Montagne da Relma, or ** Pria< 
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. a displays a rtsmaritabla pruiuatie strncture (p. 661), and contains skeletons 

■s and bones of mammals {Palxc^herium, Anofiotherimn^ Xiphodon)^ fragments 

0 of terrustrial wood, and a few terrestrial tdiells {Hdix, Cydoatoma, &o.). It 
^ is conformable with the marls and marine gypsum underneath. 

9 Marls with n04lules of silica (menilite) and gypsum. 

1 Second band of gypsunii containing marine fossils {Poiamides (riearinatus, 

2, P. {Batillaria) pleurolom&Ulea, Meaaiia incarta). 

^ Yellow marls with Lucina hurmata. 

- Third band of gypsum, sncchuroid and crystallised, with brown marls. 

% Yellow, brown, nod greenish marls, with Phnladomya ludemtiSy QranaUUa 
A Deamaresti^ kc. 

. Fourth band of gypsum. 

Oreen sands of Moiiccaux. {PoUimide»>, Cordieii, P. triearhiatus^ AmpuUina 
.S pariaieruns). 

§ Limestones of Saint Ouen — a marly frenh-water rock 20 to 26 feet thick, 

^ composed of two zones, the lower full oi JiitkinitL, and the upper abounding 

n in LimruBa. 

S Sands of Mortefontaine {Aricula iJffrancei). 

3 ' Limestone of Ducy {LitmuBa, Hydrobia). 

►. Sands and sandstones of Beauchamp {CerUhium mufoM/e, C. tuhercvlomim, 

^ Potamidea Bawd, Bayanva hordacea, B. lactm, Cartncida deperdita^ PUn- 

2 lyrhii {Anisun) nitidvlus, Corbula gallica, kc.). 

3 Sands, Ac., with NwnmuliUs mni)lai-iu8, Oatrea mvltiittriata. 0. dorsata, CSrr- 

^ bicula iieperdiUt, corals, Odonttupis elegana, Lamna t^iqua^ kc. 

Northwards in the Belgian area, near Brussels, the highest Eocene strata 
consist of sands and calcareous sandstones (“ Wemmelien *’), separated from the 
similar Laekeniau beds below by a gravel full of Nummulilea variolariua. Other 
common fossils are Turbinolia aulmtay Corbula piauMy Venericardia aulcaiay Turritella 
hramSy Clavalithaa {f^taua) longmvua. 

Receding from the Paris basin, the Eocene tleposits assume entirely different 
characters as they are traced into the west, centre, and south of France. According to 
Vasseur’s detailed researches, a long irregular arm of the sea penetrated Brittany in 
Eocene times, from where the Loire now enters the Atlantic, while the north-western 
part of Vend^ was likewise submerged. In these waters a series of limestones and 
sands was deposited, which from their fossil contents appear to be the equivalents of 
the Calcaire Orossier. They pass up into lacustrine and brackish-water beds like the 
corresponding groups at Paris.* In the south of France, the Eocene rocks cont.iSt partly 
of marine, partly of fresh water formations. In Provence, where the Upper Cretaceous 
deposits are of fresh-water origin, the sedimentation was continued without interruption 
into Tertiary time, and the whole of the succession of strata referable to the Eocene series 
was deposited in lakes or rivers. The fossils include species of Phyaa, Limnaaay 
Planorbia, Buliinxis, Achatinay Jfelir, Clauailiay ko., together with remains of plants, 
fishes, insects, and mammals {Palasotherium, Anchithariuniy Anoplotherium).* 

Westward from this region of terrestrial waters the most distinctive member of the 
Eocene series is the massive limestone which presents the nummulitic facies to be 
immediately referred to, and in some places attains a great development, as near Biarritz, 
where it is more than 8000 feet thick. 

Bouthtni Europe.— The contrast between the facies of the Cretaceous system in 
north-wesfem and in southern Europe is repeated with even greater distinctness in the 
Eocene ^ries of deposits. From the Maritime Alps into the Apennines and Greece, 

boniaii," from Prisbona in the Eugantean HU1\ where the southern type of the stage is well 
shown. 

1 This stage has received the name of ** Bartonian,” from the English Barton Clay. 

* O. Vasseur, Ana. Sei, Ofol. xiii. (1881). Hubert, B. S. O. F. (3) x. (1882), p. 364. 

* Matheron, B. 8. C. F. 9* sir. Iv, ; O, Vasseur, “ Note priliminaire sur la constitutioQ 
du Bassin Tsrtiaire d’Aix-en-Provence ” 1897. 
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from the Gerpethian l^puntaliis and the Balkan into Asia Minor, and thence through 
Wlestine into nwtheni Africa on the one side* and through Persia and the heart of Asia 
to the shores of China and Japan on the other, a series of massive limestones has been 
traced, which, from the abundance of their characteristic foraminifera, have been 
called the Nuiumulitic Limestone. Unlike the thin, soft, mo<l«rn-looking, undisturbed 
beds of the Anglo- Parisian area, these limestones attain a depth of somctiinoa several 
thousand feet of hard, compact, sometimes cryatalline rock, passing even into marble ; 
and they have been folded and fractured on auch a colossal scale tliat their strata have 
been heaved up into lofty mountain crests sometimes 10,000, and in the Himalaya range 
more than 16,000, feet above the sea. With the limestones is a.<isocisted the sandy 
series known as hTummulitic Sandstone. Tlie massive unfuasiliferous Vienna sandstone 
and Flyscli, already referred to as probably in part Cretaceous, are also pertly referable 
to Eocene and even later times.* One of the most remarkable features of these Alpine 
Eocene deposits is the occurrence in them of coarse conglomerates and gigantio eiTatios 
of various crystalline rocks. As far east as the neigh bourhoml of Vienna, and westward 
at Bolgen near Sonthofen in Bavaria, near Habkeren and in other place.s, blocks of 
granite, granitite, and gneiss occur singly or in groups in the Eocene strata. These 
travelled masses appear to have most potrographical resemblance, not to any Alpine 
rocka now visible, but to rocks in Southern Bohemia. Their presence has been thought 
to indicate the existence of glaciers in the middle of Euro{>o during some part of the 
Eocene age.^ Another interesting Eocene deposit of the Alpine region is the coal- 
bearing group of Haring, in the Northern Tyrol, where a seam of coal occurs which, 
with its partings, attains a thickness of 32 feet. 

The Nummulitic series has been divided into stages in dilTerent regions of its 
distribution, and attempts have been made by means of the included fossils to parallel 
tlicMt stages in a general way with the subdivisions in the Anglo-Parisian basin. Bnt 
the conditions of deposition were so different that such correlations must lie reganled 
as only wide approximations to the truth. In the Northern Alps (Bavaria, &c.) Giimbel 
arranged the Eocene series as under : ’ — 

Fiysch or Vienna sandstone (Up^ier Eocene), including younger Nummulitic beds 
and Haring VvhIs. 

Lower Nummulitic group. Kre8senlH>rg beds-- greenish sandy strata abounding in 
fossils, which on the whole point to a correH]K)ndence writh the Calcaire (trossier. 


‘ The history of the Klysch has given rise to some discussion. Th. Fucha, for iustaue.e, 
regarded it as having probably been derived from eruptive discharges such as those of 
mud volcanoes {Hitx. Akad. IVJrn, Ixxv. (1877), p- 340 ; Vtrh. Oeol. Reichaansl. 1878, 
p. 13.5). This view wsa opposed by K. M. Paul, who looked on the Flyscb as a normal 
sedimentary formation [Jahrb. fW. Reichaatuit. 1877, p. 431 ; Yrrh. (Jeol, Reich$an$t, 1878, 
p. 179). By some geologists the rocks have been regarded as a deep-sea deposit, 8y 
others as an accumulation in shallow water (Renevier, Arch, Sei. Phy$. Nal, Omtva, 
(3) xii. 1884, p. 310). See also Mantovani, Newt Jahrh. 1877 ; Schardt and Favre, 
* Description Owl. des Pr^pes du Canton da Vaud,’ Ac. 1887. Kanflmanti, * Description d« 
la partie nord-onest de la feuille xii. de la Carte 0^1. Suisse,' 1886. F. Sacco, Bvil. UtK. 
Edge de OM. iii. (1889), p. 158. C. Mayar-Eymar, * Versuch einer Qaasifleation dar tertiur 
Gabilde Enropas,' Verh. SthioeUt. Natur/. Oet, 1857. The Flyscb is nsnally comparatively 
poor in fossils, though it has yielded a good many fueoids. In soma of its latar porti<ms 
(Oligocane) it includes nuraerotu fish remains in certain layers. C. Mosch, BeUrilge tied. 
Kart. Schioei*. xiv. (1881) ; A. RothpleU, Z, I). i4. Q. xlviil (1896), p. 854. 

* That a glacial perioil ocenrred at the doae of the Cretaceous, at the end of the Eocene, 
and again in the Miocene period (erratica of Superga, near Tnrin) has been ragarded by some 
geologiaia as probable (A. V^iiaa, Rev. Sd. xi. (1877K P- 171 ; Schardt, * Btodea O^logiques 
snr le paya d’Knhant Vandois* BviU. Soc. V«iuf, 1884). 

* * Geognoatiseha Baaehreib. Bayeriaeh. Alpm,* 1861, p. 598 dgeq. 
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fiarberg beds—greeuMiid with small Nummnlites and Exogyra Brongniarit^ 
answering possibly to the upper part of the lower Eocene of the Anglo- 
Parisian area. * 


In the southern and south-eastern Alps the Eocene rocks attain a much larger 
derelopment The following subdivisions in descending order have been recognised : >~ 



Macigno or Tassello, having the usual character of the Vienna sandstone. 
No fossils but fucoids. 

Fossiliferous calcareous marls and shales, and thick conglomerates. 

Chief Nummulite limestone, containiug the most abundant and varied de- 
velopment of nummulitea, and attaining the thickest mass and widest 
geographical range. 

Borelis (Alveollna) limestone, containing numerous large foraminifera of the 
genus Borelis. 

Lower Nummulite limestone, with small nummulites, and in many places 
hanks of corals. 

Cpjier Foraminiferal limestone, containing also intercalations of fresh-water 
^8 {Chara). 

Cosina beds, with a i>eculiar fresh -water fauna [Stoniatopsip, Melania^ 
Chara, Ac. ). 

Lower Foraminiferal limestone, with numerous marine mollusca {Anomia, 
Ceriihium, Ac.), and occa.sioual beds of fresh -water limestone {Chara, 
Melania, Ac. ). ‘ 


III the central part of the northern Apennines Professor Sacco regards aS Eocene a 
mass of strata 6500 feet thick, which he subdivides as follows : * — 


Bartonian. 
100 metres. 


Parisian. 
1500 metres. 


Suessonian. 
100 metres. 


Grey marls with sandy calcareous layers ; numerous fossils {Zoophy- 
cns, Litkothamnium, Nummulites Tchihatcheffi, N. striata, Orft/- 
tnules radians, Operadina, corals, bryozoa, oriuoids, Ac.) 

A thick series of marly and shaly limestones (Flysch), alternating 
with sandstones (Helminthoidea lahyrinthicn, Chondrites, and 
other fucoids). Roofing slates. 

Shales and sandstones (Macigno). 

Sandy greyish and brownish marls with (alcareoiis sandy beds 
{Litkothamnium, Nummulites hiarritzensis, N. Lamarcki, N. 
lucasanus, Assilina erpotiens, .1. granulosa, Orbitoides, Ope ecu- 
. hna, AXlveolina, corals, echini, crinoids, fish-teetli, Ac.). 


|Shale.s and grey and brown marls, sandstones and limestones. 


To the Upper Eocene series of this region has been assigneii a great series of seriien- 
tines, gabbros, diabases, soda-jiotash granites, and other eru]>tive rocks, with tuffs and 
conglomerates, marking copious marine volcanic activity.-* 

India, & 0 . — As above stated, the mn.ssive Nuinmulitic limestone extends through 
the heart of the Old World, and enters largely into the structure of the more important 
mountain chains. In India a tolerably copious develo])rnent of Eocene rocks has been 


* Von Ilauer, ‘Oeologie,’ p. 669. For an exhaustive account of the stratigraphy and 
palaeontology of the Liburiiian stage, see G. Stache’s great monograph, 'Die Libumische 
StUfe,* Abkandl. k, k. Oed. Reichsanst. xiii. 1889. On the classification of the older Tertiary 
formations of Austria, consult Tietze, Z. D. 0. O. xxxvi. (1384), p. 68 ; xxxviii. (1886), p. 
29 ; T. Fuchs, cU. xxxvii. (1885), p. 181. 

* Prolissor Sacco has contributed many papers on this subject. See, for example, B, & 
Q. F, (3) xvii, (1889), p. 212, and a series in Boll. Snc. tied. lUd. (from 1892 onwards) xi. 
xii. xiv. xviii. Professor Trabucco, C. de Stefani, B. and 0. Marinelli have also written 
on these regions. 

* 0. de Stefani, BoU. Roc. tied. JUd. vili. fasc. 2 (1889) ; a copious list of previous 
writers on the subject will be found in this paper, also B. Lotti, * Descrizione Qeologica dell' 
leola d’Elba,' Rome, (1886), p. 68. 
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obterved, but it ii not quit« corUiu where their upper limit tliould be drawn so aa to 
place them on a parallel with the corresponding grou|w in Europe. The following 
subtlivisions in descending order are observed in Sind : ’ - 

Xari group. Sandstones without marine foasils, but containing fragmentary planb*, 
and probably of fresh-water origin, 4000 to 8000 feet, with iiummulitic limestones 
and shales in the lower |uirt, representing, perhaps Tpiur Eocene and Oligoceue 
or Lower Miocene beds of Euro})e. 

Kirthar group. A marine limestone funaatiou in general, but juissing locally 
into sandstones and shales, 6000 to 9U00 feet. The massive nunmiulittc lime- 
stone of thU division forms all the higher ranges In Sind. 

Ranikot betls— sandstone-s, shales, clays with gypsum and lignite, IhOO to 2000 
feet ; abundant marine fauna, including SuintHulttfA /gtiini, A'. irreytUariSf 
y. Let/mertei, together with Nautili, Terebratulw and other fossils of Cretaceous 
affinities. 

Along the southern front of the Himalayan chain a vast succession of Tertiary 
de|)osit8 exists, of which the older |>art includes thick masses of minimulitic limestone, 
no doubt a continuation of the Eocene formatiuiis of Southern Europe, while the uppei 
part (Siwuhk series) is made up of sulsierial or iluviatilr aceuniiilatioiis of later ({Mirtly 
Miocene) date. In the Simla district the lower Tertiary or Sirmur scries contains the 
following subdivisions ; — 

Kasaub group of ^andstoues, cuntaiiiiug no fottsds but lemains of plants, and prob 
aldy of Huviatile or subaerial origin. 

Dagshat group of hard grey sandstnues anti bright rcl notlular clays ; generally un- 
f^ossilifemus yiehbng only fucoid markings and aumditl tracks. 

Subithu group of grecuisli and re«f gypseous shales ami impure limestones, witli 
shales and some jwor coal. The group contains imincrous marine fossils and is 
of the age of the upper part of the tlihk numniiibtic series of the north-west 
area. 

Kaither west the minimulitic series attains a gieiit lhi^•klle^.s. In tbr Salt Range its 
principal member is a line etmipaet gicy or while, biMiueiitly clieity limestone 400 or 
600 feet thick, which is uiieonforinably suimouiiteti hy the rp}H*r Tertiary Keiics. He- 
neath it lie some shales or elays .'’*0 to 100 feet thick iiielmliiig <>ne or more coal-Mtams.- 

North America. — Tertiary formations of marine origin extend in a .strip of low 
land along the Atlantic liorder of the Uiiitod State.s nml Mexico, Iroiii the iiorlh of New 
Jersey southward thioiigli Delaware, Maryland, Virginia, the ('aroliiias, and (Jeoigia 
into Florida and rouml tlic iiiaigiii of the Gulf of Mexico, whence they nin iij» the valley 
of the Mississippi to Iteyoiid the mouth of the Ohio. On the wchleiii seaboard tlo'y 
also occur in the coast ranges uf ('alifornia and Oiegoii, wheie they soiiietinies have a 
thickness of ^1000 or 4(i0o feet, and reach a lu-ight of ItOOO leet uImjvc the. sea. Over the 
Rocky Mountain region Teitiary strata cover an extensive area, hut are ehiefly of frosli- 
water origin. 

In the States bordering on the Atlanth' the series of deposits elosned as Koceiie 
is well develoj»ed in that portion of the Tertiary belt Iraveised by the Ihdomac River, 
where it presents the following section <»f about 300 feet of .strata, wbieli are regardcil 
by Professor W. B. Clark as representative »jf the lower and middle Koeeiie divisions of 
the Gulf States, with jierhaps some jKirtioii of Uie iipjx r grou]w also.® 

'x S* j with Oatre4t sfllit ftmuiM, Jwtitm uUta ithuem, I*rot<nonfin 


6 8 g -j riryiiiiuna .40 

^ * O ( Greensand with few fossils, chiefly Viftfnrunhn jt/miifwtft .'»0 


' ‘Geology of India,' 2nd edit. chap. xiv. 

• ‘ Geology of India.’ p. 352. 

* W. B. aark, B, V.S, (J, Ho. 141 (1896), pp. 41, 58. 
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Feet. 

25 

4 

3 


f Oreeni«h-grey argillaceous nan*! ^ . 

‘ Greenish-grey argillaceous siuid with bands of gypsum crystals 
Light-grey greensand with Venerimrdia planicosta 

Greenish-grey argillaceous sand 

Indurated argillaceous sand (with some specimeus of Venerkardia plant 

cMta) 

Greenish-grey sand, somewhat argillaceous (Oytherea) 

Thick- Iwdded indurated greensand, the layers of which are almost entirely 

made up of Turritdla Morlmii 

Characteristic light greenish-grey greensands and greensand- marls, with 

TurriteU-n Mortani^ T. humeri^ Cuculltm gigantea^ OroMatdla alte- 

fannu, Oatrea comprMairoatra, &c 

Greensand with fragments of shells of lower beds 

Greensand full of the common fossils of the underlying strata, and also 
several species of corals (£upau7nmia elaharata, Turbinolia aeutiooatata^ 

Paracyathva (?) CUtrkeanm) 1 

Persistent band of indurated calcareous greensand crowded with fossils, 
which liesides those characteristic of the beds lielow include conspicu- 
ously Pholadimya vmrylandica^ Panapma elongata^ Tellina virginiana, 
Caiyptrtea a/terUt {trochi/onnui), Fuaus trabeatns, kc. ... 2 

Typical greensand with Oraaaaiella ala^ontiia, Meretrix [Cytherea) amta^ 

hnainiopsis lentinilariiiy kc .8 

Indurated highly glauconitic greensand or limestone filled with casts of 
the same hliells an in the bed above, together with Oatrea cmapresairostra^ 

and a few of TurrUella Mortimi 3 

Dark greensand crowded with the same shells, and especially with CVossa- 
tdla alHB/ormis^ Doainwpaia Unticularia^ and Meretrix {Cytherea) ovata 
Greensands, at times argillaceous, but almost wholly unfossiliferous ; at 
the base lies a pebble-bed which sometimes rests on the Cretaceous 
formations 


2 


14 


7 


12 


60 


Besides the fossils enumerated in this table those deposits have furnished a number 
of species of foraminifera {Spiropleeta, Nodonarin, Vaginulina, Cristellaria, Poly- 
morphina, Olobigerina, Pulvinulina, &:c.), also species of Anmniay Perten, Nueulana, 
Venerieardiay Astarte, Ltuinny Corhula, Natica, Mitra, FoliUilithea, together with some 
fishes {Oaleocerdoy Odontaapis, Oxyrhina, Lanina, Carcharwion, MyliebatU), chelonians 
{TrUmyx) and crocodiles {Thecachampaa),'^ 

In the State of Mississippi the Eocene strata are well developed and have been sub* 
divided into five gronits, as in the following table : * — 


5. Vicksburg beds (Orbitoitic) which run in a narrow band through Alabama, 
Mississippi, and Louisiana, covering the greater part of Florida, and extending 
into Georgia and Texas. These strata in Mississippi are composed of a lower 
ferruginous rock (Red Bluff) 12 feet thick, and a set of crystalline limestones and 
blue marls (80 feet) resting on lignitic clays and lignites (20 feet). Among the 
fossils are Oatrea gigantea, Pexten Pmlaoni, tJardiuni diverauni, Venericardia 
planicoata, Panoptea oblongata, Cyprmi lintea, Mitra miaaiasippienna, Caaai- 
daria lintea, Conua aauridena, Madrepora miaaiaaippienaia, Flabellum Waileaii, 
Orbitoidea Mantelli. The last-nameil fossil is specially characteristic, and is 
found also in the West Indies, Malta, and the Turoo- Persian frontier. 

4. Jaoksoit beds (“White Limestone" of Alabama), white and blue marls 
underlain by lignitic clay and lignite (80 feet), with Zeuglodon vnaeroapondylua, 
Venericardia ^anicoata, Cardium NicoUdi, Nueulana multilineata, Corimla 
hicarinata, RMfellaria vdata, Voluta dumoaa, Mitra dumaaa, Oonua tortUia, 
^Cypraaafeneatralia, Ac. 

3. diaiboTne beds, white and bine marls, and sandy beds with numeroni shells 
which indicate a horizon equivalent to that of part of the Calcaire Orossier of 
the Paris basin. 


* W. B. Clark, op. eit. p. 68 aeq. 

* A. Heilprin, * Contributions to the Tertiary Geology and Palaeontology of the United 
Butes,’ 1884 ; Proc. Acad, PMladelpk. 1887. 
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S. Bahrttmw (Sllioeotui CUdboriM), MuidAtoiiM aad tUioMMu itapam limaitoDaB 
with CUiho^ fossib (400 fe«t and upward*). 

1. Lignttio sands and cla]r8, with marine fossils, and with IntentraUBcd lignites 
and plant-remains {Qitermt, PatjndH*, t'UMM, Laumt, Pfr$ta^ Ortnuta, (Veo, 
Rhamnu*^ Magnolia^ kc.). 

Over the Rooky Mountain region and the vast plateaux lying to the east of that range 
especially in Utah, Wyoming, Colorado, and New Mexico, the older Tertiary formations 
consist mainly of fresh water strata of great thickness, the extraordinaiy richness of 
which in vertebrate and particularly roammaltan remains, already referreil to tp. 12*27), 
has given them a high imjKirtancu in geological and jtaltcontoiogical history. The 
following subdivisions in descending order hsve been adopted : 



UtnU group (800 feet), develope<l to the south of the Uinta Mountains in 
I'tali, includes three fossiliferous horuons : <% the Upper or true Uinta, 
containing Hyopsodvs, Paramyt, Prtniaphmnut, (XryimodoN, ifesoayj*, 
Jipihippuif Jwiolophta, Tripltput, Amyiuidtm^ TV/wrtfo/Acrittm, 
PaUeosyoiis, Diplncndont Jivnomnyx^ I^ephtreiHiim, Kttmrryx, Pn>tdO‘ 
Ihtnum: B, the Lower Uinta or Tehnatothenuin beds, containing 
ProdapluentUf OxymtuxUm, TeJmaMkertum (several 8})eciea), Palm)' 
Byops, Lfptortodmi, Proteiothfrium ; and A, which la probably the 
equivalent of the upper part of the Hridger group below. 

Bridger group (2000 feet), m named from the Fort Hridger ItSKin, remark. 
able for Us abundant and varied fauna, which IncludeM numerous 
lemuroids {Hyopsodits, Mtmtsyops, Xt/harcius. Omumys, Atutpto- 
morpAus), rodents ( nearly a dozen siweien), oreixlonta (Miacts, 
yiverrat^i/B, Anopa, Putnofelis), tillodonta {TUhtthrrium), eilentates 
{StylinixAm), amblypoda (Uintothxrium^J)tinocrras and riuormta, 
lietween 30 aod 40 atweiesh primitive forms of horse {Orohipptu, fcc.), 
hyracodouts {Hyrachyus, seven or more sjiecies), litanotliends (Pnhit- 
synps, Telmatolheritim), nngnlatea (Uomomlnn, kc,), insertivores, hats 
and tapirs. 

Win<l River gronp (800 feet) from the Wind- River in Wyoming. Among 
its characteristic vertebrates are species of Hyopm>4iva, Prlyatdvs, 
Mtrrosyopa, Pammya, Virfrravm, UinUiryon, Hinopa, Kaihmyx, 
PAenacodua, CorypAodon, Bnikyopaia, HyrafUhtrnm, t*rv(orohippuM, 
LamMotAerium, Hfptodofi, TelmatolArrium. 

Wasatch group (2000 feet) named from the Wasatch Mountains in Utah, 
(HyopKodxia, six species; /*e/ycwi«s, five species ; Pammya, Vu^rrrawa, 
UtiUacyon, PaUgoatnopa, Anvpa, seven s})eci8s ; Oxytena, PaUeonictia, 
PachysFna, Eathoatyx, (hlantodon, Phenaxodua, Aftniaeolhxrium, 
Cirryphixlxm, nine or more species ; Hyraxfdherivm, HyalmwtUm, Triyo- 
mltstea. 

Torrejon group (300 feet), from a locality in nortb-western New Mexico 
where the strata were studied. The fauna is marked by the absence of 
many of the characteristic forma of the later fonnaiions, ami by the 
presence of Piilodtta, Xeoplagiaulax, Chintx, /ndrodmt, Mixftderlea, 
TricerUea, OkriaeuM, Ikliaiherium, (Joniacodt>n, Diaaacua, (Jlamodon, 
Periplyckna (CatatAlama) Kupnd>^onia, Miorlsenus, PanUdamMo, 
PaittacctheriMm,, OonorycUa, 

Ptterco group (500 feet), from the Puerco River, New Mexico, containing 
a fauna which is believed to be older than any mammalian fauna in 
Europe. The strata of the grmip immediately overlie the Upper 
Cretaceous formations and contain Polytnaatodon, NutpUtyumlax, 
Pratoekrianta, Tritaudxm, Oxyuxodon, Periptychua {PoUiUtUem), 
Conaeodon, f^dogonodon, Hemiganua, (htyrhodeetes, kc. 


The various deposits enumerated in the foregoing table, whether they are regarded 
aa having been laid down in lakes or spread out subaerially by running water, occupy 
detached though extensive areas, and their atratigraf>hical eequeuoe cannot in many 
cases be determined by aotnal superjiosition. They have consequently been to some 


1 H. F. Osborn, BuU. Amer, ifwa. Xat. Hid. vli. (1895), p. 76 ; viii. (1890), p. 167 ; 
W. D. Matthew, op. eU. xti. (1899). p. 10. 
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extent correlated on the basis of ^lalttontologioal evidence. Such correlation may not 
be altvaya accurate, for the evidence is sometimea incomplete, and may be mbleading. 
The difficulty of making; a aatUfactory paralleliam ia well brought out by the history 
of the Tertiary formations of the Denver basin, Coloiailo. Tlie strata originally 
gTou})ed there under the name of “Ijaramie" have been found to comprise three 
formations ; (1) a lower member, 700 to 800 feet thick, conformable witli the Cretaceous 
Fox Hills group, containing productive coal-seams and a flora and fauna characteristic 
of the Laramie group as now understood ; (2) a middle member, called the Arapahoe 
group, 800 to 800 feet thick, resting on the first nnconformably, with a conglomerate 
at its base, containing [sjbbles of the underlying formation and other older rocks; (3) 
an upper niember, the Denver group, 1400 feet thick, nnconformable to the middle 
division, and largely coni|) 08 ed of the debris of andesitic lavas. The strong uncon* 
formability between the true I^raniie beds (No. l)aiul the overlying formations indicates 
a prolonged interval of time. The Arapahoe and Denver groui>8 have yielded a 
cou-siderahle nunil>ei‘ of plants ami vertebrates, but some difference of opinion exists as 
to the conclusions to bo drawn from the collections which have been made. Marsh 
regarded liis “Ceratops 1 kj« 18” as Cretaceous, from wbieh many of the animal remains 
came. On the other hand, Cope and Oslmrn have suggested that the assemblage of 
fossils rather resembles that of the Puerco group.^ In Southern Colorado the 
Koueiie strata have been described as 7000 feet tluck, resting uueonformably on the 
Laramie series. The lowest member (Poison Cafton), 3500 feet tUiek, and the next 
division ^Cuchara), 300 feet thick, are classed as Lower Koeene ; the up]>er (Huerfano), 
3300 feet thick, is believed to be equivalent to the Hridger group.’ 

On the Pacific slope Koeene formations attain a thickness of several ihoesaud feet 
in California and Oregon, where they form the Tejon series. In their lower jiarts they 
consist of conglomerates which pass up into sandstones and the-se into shales. In 
north-western Oregon they include basalts and tuffs below', covered by thick shales 
containing much material of igneous origin, while in the tjpper part massive sandstones 
predominate. Thetulfs were of suhmarine origin, for tl)ey contain Mwiiolu, Turritella^ 
Ontrraf and other .shells. 'I'ho shales have yielded Liwardinm litUcnin, Venerirardia 
planicoitta, Mofholn oniatir, with o<vasioiial intercalations of plant-bearing sediments 
and coal-seams.*' 

South America.- The stratified deposits of Patagonia have givt'ii rise to much 
confusion of ilescription. From the latest descriptions of the geologists of the Princeton 
University Expedition, it would appear that the npi>ermost (Guaranitic) Cretaceous strata 
(p. 1218) were deeply eioded befoie the deposition nnconformably upon them of the oldest 
Tertiary formations, and that tlie supposed coexistence of Cre,taceou.s and later Tertiary 
inaninialian tyjies has arisen from inaccurate uliservatioiis of the straiigraphical relations 
of the rocks. After prolonged ex})osuie and denudation of the Cretaceous scries the 
region subsided under tlie sea, wliich then laid down the oldest Tertiary dejiosits, known 
as the Magollanian series. From the marine fossils contained in them, these strata are 
regarded as of lute Eocene or early Oligocene age. They include leaf-beds, and iu their 
upper (larts several seams of pure lignite vaiying from a few inches to ten or twelve 
feet in thickness.^ 

AuttralMia. — Vast areas in this region are covered with otrata that sometimes attain 
a depth of several hundred feet, containing both terrestrial and marine deposits, which 

’ l^hitman Cross, .twier. Journ. Sci. xxxvii. (1889), p. 261 ; xliv. (1892), p. 19 ; Proc. 
fjidonido Sci, Soc, Oct. 1892 ; Monograph U,S. G, S. No. xxvii. (1898), p. 186. In this 
la.st*uamed essay the difficulties of correlation are stated in much detail. 

=* R. C. Hills, Proc. tWorndo Sci. Soe, iii. (1888), p. 148 ; (1889), p. 217 (1891). 

J. 8. Dlller, * A Geological Reconnaissance of North-Western Oregon,’ 17tA Ann, Rep. 
r.S. O. & 1896. 

* J. B. Hatcher, Journ. Set. ix. (1900), p. 97. 
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have beeu grouped with more or leas coufideuce according to the accepted claaaiticatioii of 
the Tertiary formations. It is at least certain that a succession can be traced among them, 
with an increasing proportion of recen t species in the younger parts of the series. I'lirough * 
out the whole of flutern Australia, including most of New South Wales and Queensland, 
no marine Tertiary fossils have been discovered. In the south'Wcst of New South Wales 
and in Victoria, previous to the eruption of basalt-sheets and tuifs, an extensive sei iesof 
conglomerates, siliceous sandstones, clays, ironstones, and lignites wus de]H)$ited in 
valleys and probably lake-basins. On the Dividing Range these strata rise to 4000 feet 
above the sea. At Bacchus Marsh in Victoria and elsewhei'e they have yielded leaves 
of Laurus, Cinna7n(nnuTn, Gxnkyo, Lastrtea, Txniopterin, &c. Above these plant- 
bearing beds, which have been regardetl as Lower .Miocene, but may be Rocene or even 
Cretaceous, marine deposits auiiposed to be Middle and Up|)er Miocene occur on the 
Hanks of the Dividing Range of New South Wales up to heights of 800 feel. In South 
Australia and Victoria extensive marine accuinulatmns of clay, sand, and limestone, 
often uiiderlying widespread * basalt-plateaux, have yielded nuiuerouH foramiiiilcrs, 
esj^ecially at Mount Ganibier and Murray Flats iii South Australia ; upwards of 50 
apecies of corals, which are only slightly related to the living k]K‘cu's of the surrounding 
seas, but include three Kurojieaii Tertiary 8|>ecies ; * many echiuodeima mid poly/ou, ami 
a large, moUuscau fauna, in which the genera U'aldhfihiut, CucuUira^ J*eetuyicuhta, 
Trujonia. Cypra'o, Fusus, tVurex, A/ifra, Trivia, TunntfMa, Vvluta, Ac., occur. 

The vertebrate organisms coii-Hist of lishea (including the world wide genera CHrrhari)tiv)i, 
Laiuna, OUonlaspis, ( Kryrhiiia), a few marsupials {Ifrltm/jia, iVotfrfVn'i/»rt, FhnscUomy,% 
Harcophtl iin). with some marine mammalia (Sqvnlmion, Ardocrphalm], At tlie head of 
the Great Australian Bight, an Eocene chalk-rock with Hints and ]M>ly/.uan limestones, 
forms clitfs about 250 feet high, but descends more than twice that depth beneath the 
surface. In South Australia the older Tertiary de{iosita have been divided by Professor 
Tate into four grouiis, which in nscendiiig order are : (a) Inferior marine lieds, chalk- 
rocks, clays, and limestones , (6) Lower Murravian sandstones with /t-ugfodon, Lovenia, 
MagaitUa, MegalnAct ; (c) Middle Murravian limestones and sandslonei, with an 
abundant and varied marine fauna [Carcharodan, Lamm, (kUmtnrjnx, Namt, Ancilla, 
CoMis, VohUa, MargintUa, Mangilia, Cerithiam, Vmua, CanerHaria, Xatua, Fectm, 
Lima, Upondylua, Nucula^ Limopsis, Chaina, Chionr, Jihyuchoitrt/a, Trrfbrahtlim, 
Waldhrimia, TtrebraiMla, Eupatagua, iJeltoq/afhva, Ac. ; (d) Upi>er Murravian oyster- 
beds and sandstones {Tngmna, I’eciunculns, Tellma, Mactra, VhtjtcuAlrr, Ac,). 

In Tasmania an important series of older Ttiliury deposits has also Ix-en found. 
At the top, leaf-beds, lignites, and beds willi marine fossils occur, associated with 
extensive sheets of felspar- basalts and tuffs. The tuffs have yielded Hypmprmnv» and 
Phascolomya. Next comes a great series of Hamlstones, clays, and lignites, varying 
from 400 to 1000 feet in thickness, and sometimes, as in the l,aunceHton basin, covet ing 
an area of at least 600 srpiare miles. This series em loiwis a rich flora, including H}s'Cies 
of oak, elm, beech, laurel, cinnamon, and araucaria, with fruits of juoteacemi.s, 
sapindaceOus, and coniferous trees. The fresh water and teirestiial character ol the 
deposits is further confirmed by the occurrence in iheiii of Unto, JJeUx, Vitrxnn, 
Bulimm, Ac. The thinl group in descending older is of iitanne origin, and is well seen 
at Table Cape. It consists of shelly limestones calcareous sandstones, < oral-rag, and 
pebbly bands, and is replete with fossils, only from 1 to 3 per cent of the shells 
belonging to existing Bjiecies. Characteristic forms are Valuta anhfingulafa^ i'awin 

^ Duncan, Q. J. <1. S. 1870, p. 313. See also papeis by A. C. K. Selwyn, " Report on 
Geology of Melbounie," Ac., Pari. Papn$t 1 854-55 ; ‘ Exhibition Essays,' 1866. J. E. Teunison 
Woods, Q. J. W. S. xvi. p. 253 ; Prae. Roy. Sac. Tamania^ 1876, j>. 9*2. F. M'Coy, ‘ Exhibi- 
tion Essays,’ 1861, p. 159. 0. B. I’rilcbard, Auotraltuian A$goc. 1895 ; “ On Tertiaries of 
Australia, with Catalogue of Fossils,” Adelaide Technological Mosenin, 1892; and joint 
pa|iers with Mr. T. 8. Hall in Proc. Roy. Roe. Victoria from 1693 onwards. 



mfflatuit OypriBa Ardieri, Ancilla muerimata^^ Panopma Agtutoif fFaldhHmta ga/Hi- 
hoUdiana^ Lovenia Fiftbesi, CelUpora gambUrtTma,'*' 

In New Zealand, rocks believed by Sir James Hector to be partly a Cretaceo-Tertiary 
series are mainly composed of a shelly calcai^eous sandstone with corals and polyzoa, 
which in its lower part passes occasionally into an imperfect nummnlitic limestone 
(Nuramulitic beds, Hutchison's Quarry be^, Mount Brown beds). Volcanic action 
was greatly developed during the de^Ktsit of these strata in both islands. Hence inter* 
bedded lavas and tutTs are frequent, and in the North Island the calcareous deposits 
are often wholly replaced by wide-spread trachyte-flows and volcanic breccias.* 

Captain Hutton has proposed a separation of the younger deposits of the colony into 
three formations : Ist, Wai])ara (Cretaceo-Tertiary of the Geological Survey, now regarded 
by him as probably U pper.Cretaceous), consisting of argillaoeous limestone and calcareous 
sandstone, underlain by marl and other sandstones with a maximum thickness of 
about 1200 or 1300 feet; the lower strata contain brown-coal, and among the plants 
ave AratuMria, Flabellaria, Cinnainomum, and a number of genera still living in New 
Zealand, such as Fanax, Loranthua^ Fagua, Vammara, Podoearpua. Dacrydium. 
Higher up come marine sedirnenis, enclosing species of Oattea, Pecteuy Perna, Tellina, 
Trigonia, Inocaramua, Belemnites, Ammonites, Scaphites, together with remains of 
fishes {Myliobaiia) and marine saurians {Cimolioaaurua^ Pobicotylua, Leiodon). During 
the deposition of the older rocks of this division volcanic activity showed itself along the 
western margin of the Canterbury plains, the earliest eruptions consisting of rhyolite 
followed by dolerite and basalt. 2iid, Oamaru (Upper Eocene of Survey), regarded by 
Captain Hutton as Oligocene {poatea, p. 1261) ; and 3rd, Pareor^ (Lower Miocene of 
Survey) considered by him to be Miocene (p. 1274).“ 


Section 11. Oligocene. 

^ 1. General Characters. 

The term “ Oligocene’^ was proposed in 1854 and again in 1858 by 
Bey rich* to include a group of strata distinguishable from the Eocene 
formatibns of France and Belgium, and which Lyell had classed as “ Older 
Miocene.” They consist ptirtly of terrestrial, partly of iresh-water and 
brackish, and pjirtly of marine strata, indicating considerable oscillations 
of level in the European area. They consequently present none of the 
massive deep-water characters so conspicuous in some of the Eocene 
subdivisions. Among other geographical changes of which they preserve 
the chronicles is the evidence of the gradual conversion of portions of the 
sea -floor over the heart of Europe into wide lake-basins in which thick 
lacustrine deposits were accumulated. Some of these lakes did not attain 
their fullest development until the Miocene period. 

The Oligocene flora, according to Heer, is composed mainly of an 

* Mr. R M. Johnston, Regi.strar-General at Hobart, Tasmania, ‘Observations with 
respect to the Nature and Clasaification of the Tertiary Rocks of Australasia’ (1888), and 
his important volume, ‘A Systematic Account of the Geology of Tasmania,' 1888, pp. 208- 
296, where much iuformatlon is also given regarding the geology of the other Australasian 
colonies. 

* Hector’s ‘ Handbook of New Zealand,’ p. 28. 

“ Trans. Fete Zealand Inst, xix. (1886), p. 892 ; xxxii. (1899), p. 168. 

* Monatdfericht. Akitd. BerUuy 1854, pp. 640-666 ;-1858, p. 61. 
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evergreen vegetation, and has characters linking it with the living tropical 

floras of India and Australia and with the subtropical flora of America. 
It includes some ferns, fan>palms, and feather-palms (Sahal, Fhanicites), 

a number of conifers {Seqmia^ &c., Fig. 469), cinnamon-trees, evergi*eeu 



a 

Fig. 469.— Oligocena Plantii. 

a, Seiiuoia Lungadorfll, Brongii. (P (from Heer's ‘ Flor. Tert. IlelvetiK,* i. pi. 21) ; 
b, Chara Lyellii, ForlMNi(V<). 



oaks, custard-apples, gum-trees, spindle-trees, oaks, figs, laurels, willows, 
vines, and proteaceous shrubs (Dnjatulra, DnjaiudroideJ^), 

The fauna displays a distinct advance on that of the previous period, 
and a ne^irer approach to that of the present day. The nummulites, 
though they no longer play the important part which they did in Eocene 
tiine.s, continue abundant in the southern regions of Europe, but rapidly 



h 

Fig. 470.--Oligocene LaiiwHibninchH. 

a, Iferotrix (Cytheroa) incrasHata, Sow. (j) ; fc, ()»trea cyathula, Iaui. ({). 


dinunish in number and variety after tlie close of the Oligoeene 
period. Coral-reefs may still be traced along the flanks o*I the 
mountain chain from the Pyrenees to the eastern Alps. The 
existing families of crinoids and sea-urchins have their representatives in 
the Oligocene fauna. Bryozoa are found in great profusion in the deposits 
of this period in North Germany. Among the Oligocene molluscs (Figs. 
470, 471) some of the more important genera are Ostrea^ Pedm^ Nuadat 
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Oardium, Meretnx {Cytlunea), Cwhumlay Cancellaria, Murex^ Fusus, Typhis, 
Pleuroicmuiy Vdiitilithes, Cerithium, PotamideSy MelanWy Plancrbis} 

As a notable portion of the Oligocene series, both in the Old and the 
New World, consists of the deposits of lake basins, the fauna of the land has 
been preserved more fully than among the other older Tertiary foraiations. 
E8i)ecially remarkable is the variety of insect life which has in this way 
been recorded. The most striking example of this variety and abundance 
is supplied by the small basin of Florissant in Southern Colorado, from 
which Mr. Scudder has obtained more than 1300 species, which embrace 
representatives of all the great divisions of insect life, including upwaixls 
of 30 species of spiders. Some idea may be formed of the richness of 
those strata from the fact that up to the year 1885 they had furnished 
more than 4000 specimens of ants. They have also supplied remains of 
birds, including even the feathers, together with relics of the flora 
of the surrounding land, and of the fishes that tenanted the lake.^ From 
the deposits left by the lakes in Central France we obtain a glimpse of 



Kl}J. 471 ,- OllgWlMII* 

(f, PlHiiorblH euompl'ftl**'*. (^) ; (Oiaimlulabnuii) (i|) ; rotainitle'< 

ciuctua, S(»w, (§) ; d, Minim-a longiscala, Brongii. (§). 


the varied bird life of that region in Oligocene time. Thus from the 
lacustrine beds of the Department of the Allier no fewer than 66 species 
had been obtained previous to the year 1871, comprising parroquets, 
trogons, flamingoes, ibises, pelicans, marabouts, cranes, secretary-birds, 
eagles, grouse, and numerous gallinaceous birds — a fauna which reminds 
us of that of the lakes in Southern Africa.® 

It is the mammalian portion of the fauna, however, which claims 
chief attention as evidence of the biological advance of the period. It 
shows a continual increase in variety of forms. According to Gaudry the 
following chronological sequence of appearances and disappearances 
during the Oligocene period have been noted in Europe.* — 

* For a list of British Oligocene molliisca, see Mr. R. B. Newton’.s volume cited on 
p. 1226. 

•<» B. U.S. O. S. No. 98 (1892), 

» A. Mllne-Bdwards, ‘Oiseaux Fossils de la France,’.! 867*71 ; Boyd Dawkins, ‘Early 
M.an in Britain,’ p. 54. 

* ‘ Les Enchainements du Monde Animal,’ 1878, p. 4. Compare the table, postea, p. 
1260. 



Srd Stage (Aqnitau-' 
ian).— St Gerand- 
le-Puy(Allier),Cal- 
caire de Beauce in 
part 

2nd Stage (Stampiau). ' 
— Fontainebleau 
Sands, Ferte-Alais 
(Seine-et-Oise). 

1st Stage (Infra- 
Tongrian, Saunois- 
ian). — Calcaire de 
Brie, &c. 


Appearance of the genera liAtnocetxii (t), Taptm, Poino- 
chumtSt shrew, PlesiotoreXf Miftarackne, mole, musk -rat, 
Potamotherivui, Palmmycteri^, The ruminants are as 
yet without horns ; the proboscidians have not yet 
appeared. 

Appearance of the genus Tetracm. Disappearance of 
Pain'othenum and A tiojiiothnium. Reign of Hyopotam «s 
and AiUhraaitheTiu'ai. 

Appearance of the genera Cadureothrrium, Hyrachyuit (an 
American genus), EnlelmUni^ Aiuhracutheriuvt^ Daeri/- 
thn-iunit ChalicuthfritiHi, Traguhihym, Uphiomeryj-, 
Hyeenuyschua (!) Uflocm, Dreinuthenum, Thcrevtkerinni , 
dog (?), civet marten, Plrsictis^ Palwoyaie, Jihtnctyn, 
hhinolnphua, XeiroUmur. 


The White River series of deposits in Dakota and other interior States 
of America (p. 1260) have furnished an abundant series of mammalian 
vertebrates, which continues and increases the astonishment with which 
the Eocene treasures of the West have filled geologists and comparative 
anatomists. The long list of fossils includes a number of marsupials closely 
allied to the living American o^os^mm^ (Didelphys) ; rodents, including Ischy- 
romySy ScinruHy Gyniwptychui, EitmySy several beavers (Steneojiber)y and some 
hares {Palmohgus). The creodonts were represented around those western 
lakes by several species of IlyasnodoHy the carnivores by canidw 
(I)uphn>im or Amphicyoi^y Cynmiictk)^ weasels {Bnimlurus or Valii'^gak)^ 
felidae {Dinictiny Hoplvpfiomts or Drepanodony Eumilus). There were like- 
wise inscctivores (/c/o/>.s), horses {Mesohippm or J'nchitJieiiumy Anchippus)t 
lophiodonts (Col<Hlon)y tapirs (PwU.ipiruji)y rhinoceroses (Leptacerathenm), 
AceratJierium, Hyracodony MeUmynodon)y the gigantic rhinoceros -like 
Titunotheriumy of which nearly 30 species have been determined,^ 
artiodactyl ungulates {Hyopoianmy Elothenum)y primitive ruminants 
(AgriorhmiSy Ormloiiy Eporeod/my Mesorndony lyptaudieniny camels of the 
genera Puehrothenuni and ProtommjXy &c., tragulidae or chevrotains of the 
genera UpiomeryXy HypeiiraguluSy IfyjmadnSy and representatives of the 
allied family of protoceratidai (Proioceraa). 


2. Local Development. 

Britain.— Oligooene strata are confined to one small area in this country. They 
occur in the Hampshire basin and Isle of Wight, where, resting conformably uimu tin- 
top of the Eocene deix)5its, they consist of sands, clays, marls, and limestones, in thin- 
bedded alternations. They were accumulated partly in the sea, jmrtly in brackish, and 
partly in fresh water. They were hence named by Edward Forbes “the fluvio-marine 
series," and were divided by him and W. H. Bristow into the following groups in de- 
scending order : *— • 

* H. F. Osboru, Bull. Avier. Mus. Nat. Hist, viiL (1896), p. 174. This observer has 
shown that the genera Symborodon, iJieonodon, Brontopa, Titanopsy Allopay Haplacodon and 
Diphxxniua have l)een founded on differences of character arising from marks of sex, age or 
individual variability, and have no standing, all the forms designated by them being referable 
to Titanotheriiaii. The American sequence of mammals is given, posUa, p. 1260. 

* “ Geology of the Isle of Wight," Mem. Ged. Survey y 2nd edit. (1889), p. 124. The 
grouping as there given has been slightly modified by Mr. C. Reid in the coarse of a re 
survey of the Isle of Wight The strata were formerly regarded as Upper Eocene. 
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Hamsteiid Bedi.— (6) Mariue stage with Corhuloy Mmtrix {Cyth^ea), 

Oatrea cailifera, VclulUilhe»t Natka^ Polamideay aud Melania . , 31 ft. 

(a) Fresh'Water, estuarine, and lagoon stage, with UniOy Covhicxda^ 

Sj^heeriwn^ Vivipartia, Stenothyra, Melanqpsia, Planorbia, Potamidea 

^rare), turtles, crocodiles, mammals, leaves, and seeds . 225 „ 

Bembridge Beds. — (5) Bembridge marls — a fresh-water, estuarine, and 
marine series of clays and marls, with Viviparua, Melanuu, Melanopaia, 

Lmnaa, Cwbicula, Unio^ Oatrea^ Mereiru, Dreiaaenaia, liucula 70-120 ,, 

(a) Bembridge Limestone — full of fresh -water shells {Limmeoy 
Pianorbia, Ac.), and sometimes with many land-shells {Ainphidroniuay 

Olandinoy Helix, Ac.) 15-25 ,, 

Osborne Beds. — Marls, clays, shales, and limestones, with Limniea, 

Planorbia, Viviparua, Melanopaia, Melania, Chara, Ac. . 80-110 ,, 

Headon Beds. — (c) Upper stage, consisting of fresh-water clays, marls, 
and hamls of limestone, with Erodona {Potanumya), Lmnjea, Corbi- 

Cilia, Unin, Planurbia, Viviparua, Melanopaia, Ac 40-60 ,, 

(5) Middle stage, clays, sands, loams, and limestone, with brackish- 
water and marine fossils {PUamidea, Melania, Natiea, Nerilina, 

Ptapnia, AncUla, Meretrix (Oytherea), Paammobia, Oatrea, Corhicula, 

kc.i 30-120 „ 

(a) Low'er stage, marls, clays, sandstones, and tiifaceous limestones 
with fresh- and brackish-water shells (Linintva, Viviparua, Planorbia, 

Corhicula {Potammnya), Ac.) 60-157 „ 

A large number of the marine raollmsca of the Headon Beds range downwards into 
the Barton Clay, but about half are iieculiar to the Oligoccne series. Among the more 
abundant fonn.s in the Isle of Wight are Meretrix {Oytherea) incrasaata, Oatrea velata, 

O. JUibcllula, Nueula fuadonenaia, Potamidea {Batillaria) concavua, Melanopaia fuai/ormia, 
Piaaniu labiata, Murex aexdcntalua, Neritina aperta, JV. concava, Ancilla biiccinoides, 
Melania muricaia, and several 8|)eeie8 of Cancellaria, Natiea, PleurUorm, and Voluti- 
lUhea, with Balanns ungnifonnia. The estuarine and fresh- water strata are marked by 
species of Erodona {Votamomya) and Corhicula^ while the purely frcsh-w'ater deposits are 
full chierty of Litunteids belonging to the genera Limniea and Plimorbis, L. longiacala 
and P. euomphalua being perhaps tlie most abundant and conspicuous s])ecies ; Viviparua 
{Paludina) lentus is also plentiful, Mr. Reid has rejnarked that every variation in the 
salinity of the water seems to have affected the luolluscan fauna of the estuary in which 
these dejwsits wore accjumulated. When the water w'as quite fic.sh the iK)nd snails 
flourished in abundance, aud their remains were mingled with those of Unio and Helix. 
The gradual inroad of salt w'ater is marked by the advent of Erodona {Potanumya), 
Corhicula, Potamidea, Melania, and Melanopaia, while the thoroughly marine fauna with 
volutes and cones shows when the sea had entirely replaced the fresh water.^ 

The Bembridge Limestone, one of the most conspicuous members of the Oligocene 
•eries in the Isle of Wight, is a remarkable example of a fresh-water limestone, full of 
fresh-water and terrestrial shells and nucules of Chara. The land-shells comprise tropical- 
looking gigantic species of Amphidromua {A. ellipticua) and Olandina {G. coaUllaia). 
An interesting feature in the overlying Bembridge marls is the occurrence of a thin hand 
from two inches to two feet in thickness of a tine-grained limestone like lithographic 
stone, containing many insect -remains together with leaves and fresh -water shells. 
Some twenty genera of insects have been detected in it, including forms of coleoptera, 
hymenoptefa, lepidoptera, diptera, neuroptera, orthoptera, and hemiptora.^ 

The Hamstead (formerly Hempstead) l^ds form an interesting close to the Oligocene 
aeries. They consist chiefly of fresh-water, estuarine, and lagoon deposits. But they 
pass upward into a group of marine strata of which, owing to denudation, only about 
80 feet are now visible. Among the more abundant or jjeculiar of the shells in this 

0. Reid, ^Geology of the Isle of Wight,’ p. 147. 

* H. Woodward, J. O, S. xxxv. p. 342 ; C. Reid, ‘ Geology of the Isle of Wight,’ 

P. 177. 
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ikuurine band the following may be mentioned : — (ktrta calliftra^ 0. adlaia (both peouliar)i 
Meretrix {Cythtrea) LytUii, Corhula pinm^ C. eeetenaii, Cutna monopUx^ y^utilitket 
Jta^ierit Potamides plicattis, P. Sedgwickiit Streblocsrat comtunde^.' 

Considerable interest attaches to the marine band forming the middle division of 
the Headon beds, as it serves for a basis of correlation between the English strata and 
their equivalents on the Continent This baud, so well seen in the Isle of Wight, 
occurs also at Brockenhurst and other places in the New Forest It has yielded 
more than 230 species of fossils, almost all marine mollusks, but including also 
14 species of corals. Of these organisms, a considerable proportion is common to the 
Lower Oligoceue of France, Belgium, and Germany, and 22 species are found in the 
Upper Bagshot beds.* 

The Oligocene or fluvio-marine series of the Hampshire basin has likewise yielded 
vertebrate remains such as characterise the corresponding deposits of the Continent 
They include those of rays (ifyliobatis), snakes (Pal4;ryx), crocodiles, alligators, turtles 
(Ocadio, Trionyxy numerous species) and a cetacean {BalsenopteraJ) \ >frhile from the 
Bembridge beds have come the bones of a number of the characteristic mammals 
{Andiilophiifty Anihracotherium, Anoplolheriumy two 8|.>ccic8, Palteotherium, six or more 
8|^>ecies, Choeropotaviuay Dichodon). The top of the Iluvio-marine series in the Isle of 
Wight having been removed in denudation, the records of the rest of the Oligocene 
jMjriod have there entirely disap])cared. 

For many years it was customary to consider as Miocene certain plant-bearing strata, 
of which a small detached basin occurs at Bovey Tracey, Devonshire, but which are 
mainly distributed in the great volcanic plateaux of Antrim and the west of Scotland. 
These strata have subsequently been regarded as equivalents of the Oligocene 
formations on the Continent. At the Bovey Tracey locality, which is not more than 80 
miles from the Eocene leaf- beds of Bournemouth and the Isle of Wight, a small but 
interesting group of sand, clay, and lignite beds, from 200 to 800 feet thick, lies 
between the granite of Dartmoor and the greensand hills, in what was evidently the 
hollow of a lake. From these beds, Heer of Zurich, who has thrown so much light on 
the Tertiary floras of both the Old World arid the New, described about 50 sjiecieB 
of plants, which, in his opinion, pjace this Devonshire group of strata on the same geo- 
logical hori/on with some jiart of the Molasse or Oligocene (Lower Miocene) groiqis of 
Switzerland. Among the sjiecies are a number of ferns {Laatraea Uiriaca, PecopUria 
{Osnuinda) lignilumy &c.) ; some conifers, jiarticularly Sequoia Couttaim, the matted 
debris of which forms one of the lignite beds ; cinnamon-trees, evergreen oaks, custaid- 
apples, eucalyptus, spindle-trees, a few grasse-s, water-lilies, and a ])alm {I’almacUea), 
Leaves of oaks, figs, laurels, willows, and seeds of grapes have also been detected— the 
whole vegetation implying a subtropical climate.* Subsequently Mr. Starkie Gardner 
expressed the opinion that this flora is on the .same horizon as that of Bounicmoutl), 
that is, in the Middle Eocene group.* Mr. Clement held, also, has expressed the 
opinion that ** the resemblance of the deiiosits and of their flora to the undoubted 
Bagshot [Beds] of Dorset is most striking. Still one cannot say that the botanical 
evidence is conclusive, for the species are few and greatly need re-examination. Other 

1 C. Reid, op, cU. p. 206. 

* A. von Konen, J. O. S. xx. (1864), p. 97. Duncan, op. eit. xxvL (1870), p. 66. 
J. W. Judd, op. cit. xxxvi. (1880), p. 187 ; xzxviii. (1882), p. 461. H. Keeping dtnd E. B. 
Tawney, op. cit. xxxvii. (1881), p. 85 ; xxxix. (1888), p. 566. £. B. Tawuey, Oeol. Mag. 
1883, p. 157. W. Keeping, (Jeol. Mag. 1888, p. 428. J. W. Elwes, Brit. Aaaoe. 1882. 
Sects, p. 639. 

* Phil. Trana. 1862. 

* ‘^British Eocene Flora," Palaeoni. Soe. 1879, p. 18. See also Q. J.-O. 8. xli. p. 82. 
The uncertainty hitherto experienced in the correlation of deposits by means of land-plants 
has been already referred to (pp. 882, 889, 848, 1084). 
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fouils.are almost entirely absent.” * If this view be ultimately established, the volcanic 
rooks of the north-west of Britain, with their leaf-beds, may be also relegated to the 
Eocene period. In the meantime, however, these various plant- bearing deposits are 
retained here in the Oligocene seiies as possibly equivalents of the brown-coal and 
molasse of the Continent. 

The plateaux of Antrim, Mull, Slcye, and adjacent islands are composed of successive 
outpourings of basalt, which are prolonged through the Faroe Islands into Iceland, and 
even far up into Arctic Greenland. In Antrim, where the great basalt sheets attain 
a thickness of 1200 feet, there occurs in them an intercalated band about SO feet thick, 
consisting of tuifs, clays, thin conglomerate, pisolitic iron-ore, and thin lignites. Some 
of these layers are full of leaves and fruits of terrestrial plants, with occasional insect- 
remains. According to the data collected by a Committee of the British Association, 
upwards of thirty species of plants have been obtained, including conifers {CuprcBainoxylon, 
Tajwdium, Sequoia, Pinna), monocotyledons {Phragniitea, Poacitca, Iria), dicotyledons 
{Salix, Populna, Alnua, Oorylua, Qneraia, Fagua (?), Platanua, Sassafras, Acer, 
Andromeda, Viburnum, Aralia, Nyaaa, Magnolia, Rhamma, Juglans, &c.).‘‘* In the 
west of Scotland the volcanic sheets attain still greater dimensions, reaching in Mull a 
thiokiiess of 3000 feet, and there also including thin tutfs, leaf- beds, and coals. In 
Mull, Skye, and Antrim the terraces of basalt, with occasional comparatively thin bands 
of tuff and sheets of rhyolitic and trachytio lavas, form a noble example of the extra vasa- 
tionof great pilo.s of molten material without the formation of central cones or the discharge 
of much fragmentary matter (p. 345). They have been iuvatled by hugo bosses of 
gabbro and of various granitoid rocks, which send veins into and alter the basalt. They 
are likewise traversed by veins of pitchstone, but more especially by prodigious numbers 
of basalt-dykes, which in Scotland have a prevalent W.N. \V. and E,S.E. direction. 
The basalt-plain was channelled by river.s,aud into the ravines thus eroded streams of 
pitchstone made their way (Scuir of Eigg), whence it is evident that the volcanjc 
eruptions lasted during a protracted jieriod.^ 

France. — lu the Paris basiu, where a perfect upward passage is tmceable from 
B<icene into Oligocene Iwds, the latter are composed of the following subdivisions : 

f Calcaire de la Beatiue — a lacustiiiie deposit, is separable uito a higher a.ssise 
§ (Molasse du GMinais, sometimes 57 feet) consisting of green marl, siliceous 
sand, and calcareous sandstone passing into the Helix limestone of the 
Orleanais {Helix Morogueai, //. atirelianus, H, Tristani, Planvrbis solidus, 
Liinn»>a jAirteti, Melania aquitanica, kc.) ; and a lower, composed of 
limestone (Calcaire ilu Gdtinais with Limnaea Brongniarti, L. cornea, L. 

» J. (/. S, iii. (1896), p. 490, and liv. (1898), p.~m 

» W. H. Baily, Brit. A.««wc. 1879, Rep. p. 162 ; 1880, p. 107 ; 1881, p. 152 ; J. Starkie 
Gardner, Q. J. H. S. xli. p, 82 ; xliii, p. 270. Ou the north coast of Antrim, near Ballintoy, 
a band of tuff occurs about 160 feet thick. But in Ireland, as in Scotland, the tuffs take 
quite a subordinate place among tlie great piles of basalt. 

* A. 0., Proc. Roy, Soc. Edin. vi. (1867), p. 71 ; if J. U. S. xxvii. (1871), p. 280 ; xlviii. 
(1892), Pres. Address, p. 162 ; 1, (1894), pp. 212, 645; lii. (1896), pp. 331-405; ‘Ancient 
Volcanoes of Great Britain,' 1867, vol. ii. ; Trana. Roy. Soc. Edin. xxxv. (1888), p. 21. 
Professor Judd ((/ J. if. S. xxx. (1874), p. 220 ; xlv. (1889), p. 187 ; xlix. (1893), p. 176) 
supposed that there were five great volcanic cones in the Western Islands whence the streams 
of basalt flowed, and of which the mountains of Mull, Skye, Ac. are the degraded ruins, 
and he regarded the granitoid rocks as older than the others. The true order of succession 
as established by me has been completely demonstrated by the recent detailed examination 
of the ground by Mr. Harker of the Geol(^cal Survey, Summary of Progress of Qeol. Sure. 
for 1897, 1898, 1899, 1900 ; Oeol. Mag, 1901, p. 606. 

* Bollfus, B, S U. F. 3« sir. vi. (1878), p. 293. A. De Lapparent, ‘Traite,’ 4th edit. 
1900. The separation of an Oligocene series in the Paris basiu is not admitted by some 
French geologists. 








ciflindriea, Helbt Rwnondi, Cydostoma aMtiquum, Planorbis cornu, Pot- 
awiiUs LamarcH, aud a numljer of mammtli, including Anthracotherium, 
^ Aceratherinm, Rhinocrrtts, &c. 

'Sablea et Groa de Fontainebleau and other jdacea. In the fctampes diatrict, 
where these depoaits are well develo|)ed, they reach a thickness of 
about 130 feet. At their top lies the Ormoy Sand, which has been 
indurated by a siliceous cement an<l funiishes hanl paving-stones. Tlie 
fauna on the whole is marine, as is hIiowii by its including species of 
Buccinum, Plfurotoma, Crrithiian-, Xatica, Cassidaria, Aferetrix incransata. 

Oyster-marls with Ostreu Itwgirostrui, O. cyathula, and Ck*rb%da siifguumm 
forming an important water-bearing horizon Iwlow the thick overlying 
sands. These marls ])ass into the Molasse d’fitrechy with Potamuies 
^ plicfilits, Bayanin mHuieciissata, Alerchix incramita, Ac. 

Calcaire de la Brie, a lacustnne limestone with few' fossils, Limnira cornea, 
Plnnorhia cornu, Chora, Ac. 

Green -Marls (Marues h Cyrcnes, glai.sea vertes), consisting of an uppr 
mass of non-fossiliferous clay, and a lower group of fossiliferous laminated 

I xnSir\a{Potamides jificatua, Psammohia fdana, Corhicula acMtatriaiu = conrexa). 
Supra -gypseous blue marls, with very few fossils {A'yatia pticata). White 
marls (Marnes de Pantin), with Limuna airigom, Planorbia planulatus, 
Bithinia (Nyatia) Duchasteli. 


Geographical names have been assigned to the subdivisions of the Oligocene series iu 
France, Bclginin, Switzerland, and North Italy. The lowest member is called Tongrian, 
from Tongres, in Limbourg.* Above it coiiich the Stampiau, so named fron» Ktamj^i, 
where it is typically developed. The uppermost group is known os Aquitanian, from ita 
well-marked oocurience in A<iuitania. 

The chief area of Oligoocnc strata in France lies in the Paris basin between Epemay 
and Sttuniur, where, sj)rca<ling ovei a wide extent of country, they have been cut down 
by the streams so os to reveal the Kocene formations l>elow them. The next tract in 
importance lies far to the soiith-vvest (Aqwitania), where the Lower Oligocene division 
consists of a group of strata alternately marine and fresh- water. At the bottom lies ft 
band of marls witli Aiunuia and ustrai, which graduates upward into molasse and linie- 
stone (Ca.stillon, Civiac) containittg lacustrine ‘shells, and ]K)ssibly equivalent to the 
Calcaire de la Biie of the Paris basin. Next comes a thoroughly marine band in the 
form of a limestone full of remains of star-fishes, together with species of Xatica, 
Cerilhium, Trochua, Ac., but passing laterally into fresh-water deposits. The highest or 
Aquitanian division includes a series of “ faluns," or limestones, marls, and sandstones, 
partly marine and {mu tly lacustrine. The marine bands arc marked by the presence of 
Oatrea aginemia, Lucina scopulontm, Aveacardiiformia, Tvrritella Dcavuircati, Cerithium 
caleuloavm, C, hidentattuu , (\ fnllax, C. margnritaecum, Pyriila Lainei, The lake 
deposits, in addition to fresh water and land shells, enclose remains of land-plants as well 
as bones of the terrestrial mammals of the time. Similar alternations* of sedimentary 
conditions may be traced eastwards through Languedoc and the Ardeche into Provence, 
where lacustrine deposits {Physo, Planorbia, Lhnna'n) lie immediately iijjon the 
Upper Cretaceous rocks. At Aix these beds have long been noted for their abundant 
plants {Callitria Brnngninrti, W iddringtonia brnchyphylla, Flnbellnria lamanonis, 
Quercua, Laurua, Cinnamomtnn), insects and mammals {Palaothririm, Xiphodon, 
Anoplotherium, Chceropotainua), In Dauphine the Upper Oligocene division is re- 
presented by from 800 to flOO feet of marls and limestone-bands, with Melania and 
Corhieula, and capped by limestones containing land or fresh water shells. Still Jartlier 
east the Oligocene jmsses into the Flysch of the Alfw. 

The brackisli waters in which the dejwsits of the lower division of the Oligocene seriee 


* Professor De Lappareut, instea^l of this term, proirosed originally by Duntont, haa 
atlopted “ Sannoisian,” from Sannois, near Paris. 

* A detailed account of the Tongrian stage in Aquitaiiia hos been given by Professor 
Fallot of ^nleaux, Mhn, Soc. Sci. Phya. Nat. Bordeaux, 4* scr. v. (1891/. 
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in the Paris basin were laid down seem to have stretched sonthward into the Plateau 
Central. That region had long been a terrestrial sorface on whioh a crust of weathered 
material (laterite) had accumulated. In the hollows of this surface, marls and 
limestones were deposited, containing Cerilhium margaritacmm and species of 
PiUmidas and Corbicula, By d^rees there arose a lake or group of lakes, in 
the sediments of which have been abundantly preserved the relics of the lacustrine fauna 
as well as of the plants and animals of the surrounding land. In the largest of these lakes, 
that of the Limagne d’ Auvergne, a thick senes of arkoses, marls, and limestones 
accumulated. In this mass of strata representatives of the three divisions of the 
Oligooene series have been recognised. Towards the north the middle or Stampian group 
rests directly on the granite, but southwards the lower or Sannoisian appears from under* 
neath and expands until it constitutes there the greater part of the whole succession. 
It marks the spread of brackish water lagoons over the region. The Stampian 
strata, which comprise the main part of the Oligooene history of the Limagne, reach a 
thickness which may perhaps exceed 1000 metres (3280 feet). They consist of marls, 
limestones, and sandstones, the limratones formed of the remains of lacustrine and 
land^-shells (Liinnaa, Nystia, Hydrobia, Helix), cyprids, oogonia of Chara, and in some 
instances the crowded cases of caddis-worins (Phrygania), whioh were constructed of 
young univalve shells. In the lower pirt of the Stampian group are found Oelocus, 
Anthracothxrium, Hyeenodon, Peratherium ; in the middle comes Lophiomeryz, and in 
the upper Dremotherium and Casnotherium. The portion of the series referred to the 
Aquitanian stage is comparatively feebly represented in the Limagne, the best develop- 
ment being seen in the upper marls and plant-bearing sands of the well-known Hill of 
Gergovia, south of Clermont Ferrand. From the phrygania-limestoncs and marls of 
this division, however, an extraordinarily abundant and varied vertebrate fauna 
has been obtained in the district of Odrand-le-Puy, Upwards of 60 species of mammals, 
about 70 of birds, 11 of reptiles, 2 of amphibians, have been named by MM. Filhol, 
Pomel, and Milne-Edwards. The mammals include a bat {Paleeonycteria), a hedgehog 
{Palaeoerimceas), various rodents like our modem dormice, marmots, and beavers {Myoxus, 
Titanomya, Sciurus, Steneofiber) ; a large humber of carnivores {Lutra, Amphicyon, 
Cephalogeile, Plesictia, Piverra, Herpeses, ArnphicUs, Mtcstela, Proaeltirm) ; ungulates 
{Chalicotherium, Ceenotheriuvi, Pleiriomeryx, AcercUherium, Rhinoceros, Protapirus, 
Hyotheriuvi, Dreinothcnuvi, Amphiiratjuhts) and an opossum {Amphiperatkerium). 
The birds comprise parrots {Psittaevs), eagles, kites {Milmis), owls {Bubo, Strix), wag- 
tails (MotaciUa), trogons, woodpeckers {Picus), pigeons {Columba, Pteroefes), gallinaceous 
forms {Palaeortyx), rails {RitlJus), flamingoes {Ph/xnicopterus), cranes (Cr7'ns), herons 
{Ardea), storks {Argala), ibises, redshanks {Totamis), dunlins [Tringa), shearwaters 
(Pujintts), gulls (JSanw), cormorants (Phalacrocorax), gannets (Sula), jHjlicans, and ducks 
(Aiiaa). Among the reptiles are species of Tesludo, PtycAogaslcr, Chehjdra, and Trionyx} 
M. Milne-Edwards called attention to the remarkable resemblance of this avian assemblage 
to that characteristic of the ^eat lake-basins of Central Africa. It may be added that 
an additional feature of interest in the old lakes of the Limagne is presented by the 
abundant intercalation of seams and partings of fine basalt- tuff interstratifled among the 
marls and limestones, which show that the volcanic history of that region goes back 
into Oligooene time.’’ 

> H. Filhol, Ann. Sci. OM. x. (1879) ; xi. (1880) ; xiL (1882) ; A. Milne-Edwards, 

* Rechercibes anatomiques et paleontologiques pour servir k I'histoire des oiseaux fossilea de la 
France,’ 4 vols. 4to, Paris, 1867-71. 

* These intercalations of tuff form the "Peperites” of Auvergne, regarding which so 
much difference of opinion has been expressed. Some -geologists, impressed by the proofs of 
intrusion by the pepSrites in certain places, have oome to the conclusion that these tuffs are 
everywhere iutrosive, and that their obvious interstratifleation in thin leaves among the 
undisturbed lacustrine strata is to be explained by some [unintelligible] process of transfusion. 


* ' i — I |||■.. ^ ^ i ‘< l * ,,....11 . 

In the east and centre of France a peenlUr ferruginous deposit (Terrain sid^ro- 
Hthique) U traceable over a wide region, sometimes forming the surface and sometimes 
passing under younger Tertiary formations It consists of an earth or clay fUll of 
pisolitio grains of limonite, which are often in sufficient quantity to afford a workable 
source of iron. With it are associated sheets of limestone or travertine full of remains of 
Chara and frcsli-wator or land shells. Where these deposits lie on Jurassic limestones 
they fill up fissures and cavities of the older rock, and, like the Eocene osseous breccias 
already noticed, have entomhod and preserved remains of the contem^iorary terrestrial 
fauna. In some places these remains have accumulated in such quantity as to funiisl 
valuable dejxnits of phosphate of lime. Suth are the phosphorites of Qiiercy, which have 
filled up fissures and pockets in the limestones. The upper part of the deposits generally 
consists in large part of red clay and loam full of granular limonite, wldle the lower 
portions are phosphatic. There appears to be always a 'close relation between these, 
accumulations and Tertiary strata in their vicinity, and they are never found on the 
higher limestone plateaux above the level of these strata. The Quercy phosphorites are 
famous for the vaiiety of animal remains yielded by them, which number ^ genera of 
mammals, whereof 2.5 have been found in the Paris gypsunj. They include artiodactyle 
unjgulatcs {Anoplotheriuvi, ArUhracotherium, AmphUmgv.lus^ CKnotherium^ Xiphodon\ 
perissodactyle ungulates {Lophiodm), pig- like animals {Ceboehcmis)^ a rhinoceros 
{Aceratherium), carnivores Hymtodon), and lemuroid monkeys [Adapts, 

Necrolemur),^ 

Belgium.*^— The Oligocene sticcession in this country differs from that of France, 
and has received a different nomenclature, as follows : — 

Upper Oligocene wanting in Belgium in the form of marine deposits ; 
represented in Up|)er Belgium by sands and gravels, sometimes in- 
durated into sandstones and conglomerates, and — 

'White fine sands. 

Clay of Boom containing more than 60 species of shells (Murex Deshaytsi, 
Typhis fkhhthsimi, Fusus elatior, Cnssidaria noilosa, Pleurotoma 
ti Duchastdi, Voluta fusus, Mitra Ddpeidi, Pectuncufusi^xnatus, Nuculana 

& Deshayesiana, Corbula striata, TerehratuHna strialuia), a number of 
^ fishes, both teleostean and elasmobranch [Cybixm, Dictyodm, Scorn- 
bramphodorifLabiax, Carchanidon,Lainna, Odontaspis, Oxyrhinn^ Mylio- 
balls, Claleocerdo, Chivuera, Squalina), some chelonians, birds [Anas, 
Laras), and sireniau mammals (Orassitherium, Halitherium, MfUxjry- 
Uieriim ). 

I'Sands and gravels. 

I Clay with Nucula cowpta. 

The phenomena are easily understood, however, by one who has made himself familiar with 
the behaviour of tuffs in an ancient dissected volcanic region like that of Central Scotland 
(p. 175). The material of the peperites has undoubtedly here and there filled up tlie 
volcanic vents, and has even been ipjected in veins and dykes around their margins. But 
the main mass of the material was ejected from these vents, and falling, as volcanic dust and 
sand, over the lake and surrounding ground, became interleaved with the contemporaneous 
lacustrine sediments, thus affording the most satisfactory evidence that the long series of 
volcanic eruptions in Auvergne began as far back as upper Oligocene time. The most recent 
presentation of tlie arguments for the intrusive nature of the material will be found in No. 
87 of the Bull. Carte OM. France (1902), by J. Oiraud,^wbere the fullest account of the 
formations is given, together with a useful bibliography. Professor Gbwselet clearly reeognised 
the impossibility of accounting for the tranquil interstratification of the fine material of the 
tuff among the unbroken shells of the /rrftx-limestone by any process other than that 
of contemporaneous deposition, B. S. O. F. xviti. (1890), p. 913. 

* H. Filhol, Ann. Sci. GM. 1870. 

* E. Van den Broeck, ‘ Materiaux pour Titude de TOligocene Beige,’ Bull. Soe. Edg^ 
GM, 1894. 
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i: Sands of Berg with P^ciunctduti dbowUtts^ famous for their large list of 
SI < marine mollusks and fish remains, many of which are the same as those 
,3 found in the Clay of Boom. 

Green glaises interstratified with white quartzose sand. 

White quartzose pebble-gravel and black flints. 

Sands and marls of Vieux- Jones, with some 50 species of fossils, including 
Potamidea plicatua^ Cerithium canceHinum^ Bithinia Dubuiamni, 
Corbulmnya triangula. 

Olalses of H^nis with Meretnx inernaaaJa, Neritina Ihtchastdi, Modiola 
Favjaai, Corbuta piaum, Pecten Uoninghatisi, Mya angmtata, Planorbia 
depreaaua. 

Sands and marls of Bautersem with Corbieida aemiatriata, Melania muri- 
caUa^ M. coatata^ Bithinia Unui-flkaia^ B, helicella. 

Green glaise, glauconitic sand of Neerepen. 

Fine aigillaceous and micaceous sand well developed in Limbourg 
(Grimmertingen), specially characterised by Oatrea ventilabrum. The 
deposit has yielded 281 species of mollusks.^ 

Fine sand slightly glauconitic. 

Grey plastic clay. 

Coarse gravel of primary and secondary rocks. 

Germany.^ — In northern Germany, while true Eocene deposits arc wanting, the 
Oligocene groups are well developed both in their marine and fresh-water facies, and it 
was from their characters in that region that Bey rich proposed for them the tenn 
Oligocene. They occupy large more or leas detached areas or basins, with local 
lithological and palaeontological variations, but the following general subdivisions have 
been established 

Morlne marls, clays, sands, sparingly dibtributed (Doberg, Hanover ; Wilhelms- 
hohe ; Mecklenburg-Schwerin), with Spatangua Hoffmanni, Terebratula 
grandia, J*ecten Jantta, P. decuasatna. Area Speyeri, iVaaw pygnitra, 

^ PleuTotoina aubdenticiUaUt. 

g • Brown-coal deposits of the Lower Rhine,'’ ^tc., with a flora of less tropical 
Indian and Australian type, and more allied to that of subtropical North 
America Cinnamomiim, Cnpreaainoxylon^ Juglans, Nysaa^ PiniUa, 

Quercua, &c.). Some marine beds in tliis division contain Terdmttula 
, grandia, Pecten Janua^ P. Munsteri^ kc. 

'Stettin (Magdeburg) sand and Septaria-clay {Septarienthoyi), with an abundant 
marine fauna (foraminifera, Pecten permiatua, Nuculana deahayesiana,Niwnla 
Chaateli, Aatarte Kiekxii^ Cardiutn cingulatuin, Plevrotoma acabra, Aximis 
tMaaua, Fnaua Koninckii, F. mvltmdcatus, &r., Aporrfuiia 8])€cioaa, Denta- 
^ Hum Kirkxii). These beds are widely distributed in North Germany, and 
are usually the only representatives there of the Middle Oligocene deposits. 

In Saxony and elsewhere they contain phosphatie deposits, the phosphate 
^ of lime being often in rounded or elliptical concretions, each of which 
encloses a shell or fishbone. In the T^eipzig district Pectnnculva Philippi is 
the most firequent enclosure.'^ In some places a local brown-coal group 
occurs Ke/erateini, Cinnamomvm polymorphnm, Popuhia Zaddachiy 

^ Taxodium dubium). 

* For the list of these shells see G. Vincent, Ann. iSoc. Mnlacol. Belg. xxi. (1886), 
Mhn. p.^3. 

* l^yrich, Monatabericht. Akad. Berlin, 1854, p. 640 ; 1858, p. 51. A. von Koenen, 
X. D. O. O. xix. (1867), p. 23. Ahkand. Oeol. Specudkart. Preuaa. 1889-94. 

* C. F. Ziucken, ‘ Physiographie der Braunkohle,’ Hannover, 1867, 1872. H. von 
Deohen, ‘Die nutzbaren Mineralien, Ac., im Deutschen Reiche,’ 1873. For a popular 
account of the brown-coal of Germany see M. Yollert, ‘ Der Braunkohlenbergbau,’ Halle, 
1889, the '* Featacbrift ” of the fourth Deutsche Bergmannstage in 1889. 

* H. Credner, Abhandl. K. Sdcha. Oes. Wiaean. Math. Phya. Claas. xxii. 1895. 
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^Egdn mwiue bed* {Ostrea vetUiUtbrum, Peden beliieoatatut, Xutulann p^nmriii, 

Area appendicalata, CardUa DuHheriy Cnrdium Haamanni^ Mtrtirix 
Solandrif Ceritkitm Itevum, PUurototm Beyrichiy P. mibconoidtat Lyria 
decora^ Buceinwn indtatutn, kc., end conls of the genera Turbinolui, Batano- 
phjfUia, Caryophyllia, Cyatkina).' 

Amber beds of Knnigsberg, consisting of lignitiferons sands resting on marine 
glauconitic sands, near the base of which lies a band containing ainindant 
pieces of amber, 'fhe latter, derived from several s|)ecies of conifers, ehi>eci- 
ally Pinna awdnifera, have yielded a plentiful scries, estimatwl at about 
2000 species, of iusects, arachnids, and myria|)ods, together with the 
fruits, flowers, seeds, and leaves of a large number of conifers (Pinifes, Pin tta, 

. Abiea, Seqmia iMngadorfiU yViddrinytonUfs, Libortdrua, 7'hnja, Puprfs/ivs, 

^ Taxt)dium) and dicotyledons {Quemia, Caatanea, Fngva, Mtflrii'u, PiJi/gonvm, 
o Cinnawiomunt, Oeranium, Linum, Acer, Jle.c, Itfumnua, Peutzia), together 
with Andrmneda, &c.*< The sands contain I^ower Oligocene inariJie 
molluscii, sea-urchins, Ac. 

Lower Brown -coal series— sands, sandstones, conglnmerates, and clays with inter- 
stratitie<i varieties of brown-coal (pitch-coal, earthy lignite, pajHir conl, wax- 
coal, Ac.), a single mass of which sometimes attains a thickncHs of 100 feet or 
more. These strata may be traced intermittently over a wide area of northern 
Germany. The flora of the brown -coal is largely coni})oaeil of conifers 
Taxitea, Taxojcyhm, Cupreasintixylon, Sequoia, Ac.), but also with i^uercoH, 
Lauras, ('Hnaaimanam, Magnolia, PryandroiiUs, Ficus, Sasst^ftvs, A hi us, 

. I cer, Jaglans, liefula, and |>alms {Sabal, Flahdlaria). The general asiM ct of 
this flora nu)st resembles that of the southern states of North America, bnt 
with relations to earlier tropical floras having Indian and Australian afliinties, 

In the Mainz basin some marine sands, clays, and marls iti the lower part of its 
Tertiary dejmsits are referred to the Oligocene series, and are arranged us follows 

Cerithium Beds. — Sandy ami caloareoms strata witli brackish -water and land shells 
{Potamides pheatas, MyiUm Fuujaai, Ilelir, Ac.). 

Cyrena marl and .sand (Corbiada (Cyrena) sewiatriuta, Poianiiihs pHcatus, 
(jerithiam inoiyoritarcum, Perna Sandhrrgm, Ac.). 

Septaria-clay with Narutana tleshayeMann. 

Marine sand of Weinheirn with Ostreu raUifera, Pivtaacalaa obovafns, .)/erv/r/r 
incrassata, Xutica erassatina. 

Swit*erl«id.’--Nowhcr 0 in Europe do Oligocene strata play so important a part 
in the scenery of the laud, or present on the whole so interesting and full a picture of the 
state of the continent when they were dejmsited, as in Switzerland. In the northern 
j)art of the country the marine sands and clays of Mainz and Alsace are foui»«l around 
lJ41e, where they reach a thickness of nearly 1000 feet and jms up into ilnvio-maiine 
deposits, as shown in the subjoined table : 

h i . f Cyrena Marl (Letten) with Ostrea fresli-water Iime^tone {Lununa, 

as f j Hydrohia, Dreissensia, dhara, sands and sandstones (Pvtamides pfiratvs, 

DO « I Corbicnla {Oyrena), Cimuitninnnin, Myrira, Ac.) 20 metres. 

. [Septaria Clay (200 metres) with Textalana, Trancahdina, Jtiitalia, Si(M, 
a S j Qucecaa, Eacaiyptus, Cassia, Ac. 

aX .Marine sand (100 metres) with 7’ota/Hjde.<r {Tympaiwlopus) fnir/ilntris, 
ii I AmpuUina erassatina, Pectnneulua obovalas, (hfieacalli/eia, Pedev, Pkuhs, 

O \ Lamna, Halitherivm, Quercus, Cinnamomum, Itaphnognu'. 

* For detaile<l descriptions of the Lower Oligocene mollnscau fauna of Nortli Germany see 
Professor A. von Koenen’s elaborate monograph, Abhaud. iieol.SpecUdkart. Prevss. x.(J 889-92). 

‘Flora des Bernsteins,' vol. i. on the conifene, H, R. Goeppert, 1883 ; vol. li. on the 
dicotyledons, Goeppert, A. Menge, and H. Conwentz, 1886; ‘Monograph. Baltlschen 
Bemsteinbiiume,' Danzig, 1890. 

^ * Studer's ‘ Geologic der Schweiz,’ vol. ii. ; Beer’s ‘Urwelt der Schweiz,’ 1865 (an 

English translation of whiph by W. S. Dallas api^eared in 1876) ; ‘ Flora Fossilis Helvetiae,’ 
1864-59; A. Favre, ‘Description Geologique du Canton de Geneve,’ 1880, vol. i. p. 69. 
Limt Guide dans le Jura et les Alpes de la Suisse, Congria (IM. Internai. 1894. 
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farther louth the Oligocene formatioiu rbe into moontaiiloiu ground where their 
highest member forms the base of the large mass of Nagelfluh (Miocene) of the Rigi 
and Bossberg. While they include proofs of the presence of the sea, they have 
preserved a large number of the plants which clothed the Alps, and of the insects which 
flitted through the woodlands. They form part of a great series of deposits which, 
termed “Molasse” by the Swiss geologists, were formerly considered to be entirely 
Miocene. Their lower portions, however, are now placed on the same parallel with 
the Oligocene beds of the regions lying to the north, and consist of the following 
subdivisions ;~ 

Red Molosse or Aquitanian Stage (1300 feet in Rigi distiict) : sandstones, grey and 
red sandy marls with marine bands containing Canlium lucemenae, C. Kau/minni 
and brackish or fresh-water bands enclosing Ziziphus, Cinnamoinum, Smilax, 
Sequoia. 

Tongrian Stage or Upper Flysch (2600 feet in the Renssthal) : sandy micaceous 
shales and sandstones and (lialiase-saudstone. Characteristic fossils are some of 
the Ashes which are common also in the Oligocene shales of the Carpathians, 
Croatia, Olarns, and Alsace, such as the herring-like Jlleietia, also Lepidopua 
and PcU/eorhync/iua. 

Rigi beds, Ligurian Stage, or Lover Flysch (2600 feet in the Reussthal) : grey 
marly shales, thin-beiided limestones, sandstones, and conglomerates, — Nwmnu- 
litea, Orhiioideas PrenaateTf Terebratulina, Spondylus, Pecten, Lithothamnium, 
Chmdriteay Ac.' 

The up{)er or lacustrine portion of this aeries must have been formed in a large lake, 
the area of which probably underwent gradual subsidence during the |)eriod of deposition, 
until in Miocene times the sea once more overflowed the area. We nmy form some idea 
of the importance of the lake from the enormous thickness of the deposits formed in 
it (posfra, p. 1270). Thanks to the untiring labours of Professor Heer, we know more 
of the vegetation 6f the mountains round that lake, during Oligocene and Miocene time, 
than we do of that of any other ancient geological period. The woods were marked by 
the predominance of an arborescent subtropical vegetation, among which evergreen 
forms were conspicuous, the whole having a decidedly American aspect Among the 
plants were palms of American type, the Californian coniferous genus Sequoia, alders, 
birches, figs, laurels, cinnamon -trees, evergreen oaks, with many other kinds. 

The portion of the great Flysch formation of the Alps referred to the Oligocene 
series consists especially of sandstones and dark shales, of which one of the most noted 
members is the band of shales of Glarus so long known for its abundant fish-fauna. 
The species (29 in number) obtained from it, many of which are also found in 
corresponding strata in other parts of Europe, include herrings {Meletta), toothed carps 
{Ftolebiaa), ooCi{Nenwpteryx\ mackerels {Lepidopw, Palimphyca, Imrichthya, Opiafhomyzon) 
and other forms.’* 

Portttgal.-^~In the western part of this country, especially in the Lisbon district, and 
less continuously northwards to Leiria, the Cretaceous formations have been overspread 
by a plateau of basalt and basalt-tuff, which, between Pruzeres and Rabicha, is 200 
metres thick. The age of this volcanic intercalation has not been definitely fixed ; it 
must be post-Cretaceous and may be Eocene or Oligocene. The basalt, as in Ireland, 
has protected the upper Cretaceous formations from denudation, and has itself been 
much reduced to detached masses by the progress of waste. The occurrence of this 
volcanic platform on the western margin of Europe is of much interest in connection 
with the^volcanio history of the continent The eruptions may possibly have been 
coeval with the great outpouring of basalt in the north-west, from Ireland and the 
Hebrides northwards by the Faroes into Iceland. 

* Livret Guide, p. 143, as above cited. 

* The fishes of Glarus are described by A. Wettstein in Abh: Sektoeiz. PaUeotU. Get, 
xUi. (1886). 
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ihlie deposits which overlie the bssalt are inc«t completely developed around Lisbon. 
They consist in the lower part of massive conglomerates, which are regarded as 
probably of Oligocene age, as they are overlain and spmetimes overlapped by marina 
strata referable to the oldest part of the Miocene series. The materials of these 
conglomerates include fragments of the Palaeozoic and older rocks, together with debris 
from the Jurassic and Cretaceous formations. Traced northwards between the plain 
of the Tagus and the serras that lie to the west, the conglomerates are found to be 
associated with fresh- water limestones.^ 

yiMma Basin. This area contains a typical series of Tertiary deposits, sometimes 
classed together as ** Neogene.” At the Imttom lies an inconstant group of marls and 
sandstones (Aquitanian stage), containing occasional seams of brown-coal and fresh-water 
beds, but with intercalations of marine strata. The marine layers contain Potamides 
plicaliu, Ceritkium margaritaceum^ Ac. The brackuh and fresh -water bands yield Melania 
Sseheri and Cyrena lignitaria. Among the vertebrates are Mastodon angustidens, M. 
tapiroides, Rhinoceros sansaniensis, Amphicyon intemiedius, Anchitheriunx anrelianense^ 
and numerous turtles. These strata have suffered from the upheaval of the Alps, and 
may be seen sometimes standing on end. It is interesting also to observe that the 
subterranean movements east of the Alps culminated in the outpouring of enormous 
sheets of trachyte, andesite, propylito, anil basalt in Hungary and along the flanks of 
the Carpathian chain into Transylvania. The volcanic action appears to have begun 
during the Aquitanian stage, but continued into later time. Further curious changes 
in physical geography are revealed by the other “ Neogene ” deposits of south-eastern 
Europe. Thus in Croatia, the Miocene marls, with their abundant land-plants, insects, 
&c., contain two beds of sulphur (the upper 4 to 16 inches thick, the under 10 to 15 
inches), which have been worked at Hadoboj. At Hrastreigg, Buchberg, ami elsewhere, 
coal is worked in the Aquitanian stage in a lied sometimes 65 feet thick. In Tran- 
sylvania, and along the base of the Carpatiiian Mountains, extensive masses of rock-salt 
and gypsum are interstratified in the “Neogene” formations. 

Italy. —•In the north of Italy strata assigned to the Oligocene scries are developed 
to the almost incredible estimated thickness of nearly 12,000 feet. They dovetail 
regularly with the Eocene below and the Miocene above, and are thus grouped by 
Professor Sacco in the central part of the northern A^iennincs ; — 

A great thickness of grey and yellowish sands and occasional 
greyish marls, the marly character increasing northwards and 
eastwards. In this stage are incluiled the lignites of Cadibona, 
also the marls of Chiavfui, Vicentino, from which a large 
assemblage of fossils has been obtained, particularly re- 
markable for the number of Chondropterygeau and Teleosteau 
fishes, of which some 60 species have been described. 

^^^^motws*^ ] sandy and friable. 

C A vast series of sandy marls, sands, conglomerates, and lenticles 
I of lignite, with frequent nummulites (xV. intermedivs^ A'. 
Tongrian Stage, j FicfUeli, N. striata), Orbiloieks, fresh- water, brackish, and 
20(W metres, j marine shells * {Ampullina crassatina, PotavxUUsy Oyrena con- 
I waw, itc.), Anthracotherium magnuou Ac. Sometinies with 
I, greyish violet marls. 


Aquitanian Stage. 
1000 metres 


' P. Choffat, ‘ Aper 9 U de la Geologic du Portugal,’ Lisbon, 1900. * 

* Suess, ‘Der B<^en von Wien,' 1860. Th. Fuchs, ‘ Erlauterungeu zur Geol. Karte dcr 
Umgebungen Wiens,' 1873 ; and papers in Z. D. Q. (i. 1877 (p. 653) ; Jahrh. Geol. 
Reiehsanst. vols. xviii. et seq. Von Hauer’s ‘Qeologie.’ E. Tietze, Z. I). G. G, xxxvi. 
(1884), pp. 68-121 ; xxxviit (1886), pp. 26-138. 

* On lamellibranchs of this stage in Liguria, see G. Rovereto, AU. Soe. Ligustica. Set. 
Nat. Genoa, viii.-ix. (1897-98). 
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Sestian Stage. / A thfu band of aaniiy marls with Nummiditu Fichteli, y, vamte^ 

20 metres. \ N. Bouch&i^ Orhitoidts^ iteteroategina, kc. 

Fum Iflandfl, Iceland.— The older Tertiary basal t-platoaux, so well displayed in the 
north-west of Hritain, are repeated in the Faroe Islands and in Iceland, where, as in 
Ireland and Scotland, they comprise intercalated shales and lignites (p. 345). In the 
island of Saderu (Faroes) the lignite is weU developed, and has been worked between the 
great sheets of basalt. On the east side of the island the following upward succession of 
deposits may be seen (1) upper surface of a basalt lava ; (2) pale clays and dark shales, 
20 feet ; (3) pale clays with plant remains, 3 feet ; (4) coal, here only six inches thick, 
hut increasing inland ; (5) volcanic mudstone, 12 feet ; (6) green granular basalt-tuif 
and mudstone, 3 feet ; (7) Volcanic mudstone with concretions and pieces of fos.sil wood ; 
(8) amygdaloidal basalt-lava.^ In north-westein Iceland similar seams of coal or 
lignite interstratified among the Tertiary basalts have long been known as “Surtar- 
brand.” A niiraher of distinct horizons of these land surfaces have been observed and 
sometimes, as at TriUlatunga, within the same band of intercalated clays and tuifs, 
several seams of coal succeed each other. Occasionally also tree trunks are found 
enclosed in the basalt, like that of Gribon in Mull already described (p. 769).* 

North Atnorlca.— The Vicksburg beds, referred to on p. 1242, are not overlain con- 
formably by any further deposits of older Tertiary ago. The next succeeding deposits 
referred to the Miocene series rest more or less trangressively on the Eocene formations. 
There is thus a gap in the series, represented elsewhere by Oligoccne strata. On the 
Pacific slo|)e the Tejon series (p. 1244) is followed in north-western Oregon by strata 
which are considered to be Oligoccne. They contain Aturia aTigustnta, Ihliuni 
petrosum, Rimella simplex, Neverita globoaa, Nucnla iruneata, Solen parallelus, Mya 
pra!cisa, Ac.* Much more important, however, are the fresh-water formations which 
cover a vast area in the interior of the continent, overlie the Eocene series, and have 
been referred to Oligocene time. These deposits, known as the White River series, 
cover extensive tracts in the north-cast of Colorado, in Nebraska, in south and north 
Dakota, and among the Cypress Hills in the North-west Territories of Canada. They 
have a thickness of about 800 feet, and are separable into three groups, each characterised 
by special mammals as under : — 

3. Protoceras beds, containing Steneojijbtr, Protapirujs, Aceratheriuin, Hyopotamus, 
JSlotherium, JiporsodoH, Leptauehdnia and (especially prominent) Protoceras. 

2. Oreodon beds, of which cbaracteilstic fossils are some marsupials {Didtlphys ) ; the 
rodents Jsehyronys^ Scitinis, Uynimptychns, Kumys ; the creodont Hytenodon ; 
the carnivores Daphsenws {Amphicyon), CynoduXw, Buntelnrus, Dinicth, ' 
Hoplophmeus {Drejx^iutdon) the primitive horse Mesokippus {AnckWieriitm), 
also Cnlodon, Proiapirm, Hyra^on, a number of forms of rhinoceros 
{LepUuxratheriuM, Arxratkerium), AgriochoervSy Oreodon (several species) ; the 
camels Pikbrotherium and PnAcmeryx, Lq>tomeryx, Hypertraguiiis, Hypiatnlns, 
kc, 

1. Titanotherium beds, especially distinguished by the presence of the various 
Titanotherids, but containing also Leptarxratherium, Jeeratkerium, JSlotherium, 
and Agrinefuems. 

The lacustrine deposits of Florissant in the South Park of Colorado, above cited 
(p. 1248), were probably coeval with some of these groups. 

AuatraUaUu— In Victoria, where rocks regarded as of Tertiary age cover nearly half 
of the colony, it is po.ssible that a separation of part of them as Oligocene may yet be 
made, the older marine series consists principally of blue or grey clays with septarian 
nodules, rich in fossils, among which gigantic forms of volutes ami cowries are 

* A. G., Q. J. tf. a. liL (1896), p. 340 ; also F. Johnstrup, ‘ Om Kullagene paa Fseroeme,’ 
K, D, Vid, Sdshab. Forhandl. Copenhagen, 1873. 

* Th. Thoroddsen, ffeol. J^^ren. Stoekholm. xvili. (1896), p. 114, 

* J- a. Diller. 17<A .4»n, Rep, V.S, O. S. 1896, p. 24. 
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conspiottoiit. Later than these depoaita are those referred to under the Miocene section 
{po$tea, p. 1274). 

lu New Zealand the Oamaru series of Captain Hutton (p. 124(i) is considered by him 
to be of Oligooene age/ and to comprise the oldest Tertiary rocks in the colony. The 
most prominent member is a polyzoan limestone found in ]>atclie.s all round the island, 
which it seems to have encircled. It is chiefly made up of fragments of jmlyzoa and 
other organisms, and among its fossils (njtwaitls of 80 Hjte<-ios) are species of W’nldheimia, 
TercbrtUula, Terebratella, Rhxpxchmdln, Pcclftt, Lima, Limopsixt, CratmUlln, Paiwpeea, 
Mitra, VtAvia, MargituAla, Cylichna, likewi.se remains of zeuglodont wliales {JCfktnodm), 
true cetaceans (Squalodon), linge sharks {Can-ha miou), mya {Tnjyoa , Myliobxitis) &nd the 
Nautilns Aturia australis. At the base of the Oamaru sciics tnchylytes and other basic 
volcanic rooks are interstratifiod with the marine sediments. 



Section ill. Miocene. 

§ 1. (Jlononil Cb;iracters. 

Tlie European Miocene deposits reveal great changes in the geography 
of the Continent as compared with its condition in earlier Tertiary time. 
8o far as yel known, Britain and northern Europe generally, save an area 
over the site of Schleswig-Holstein and Friesland, w’ere land during the 
Miocene period ; but a shallow sea extended towards the south-east and 
south, covering the lowlands of Belgium and the bjisin of the Loire. The 
Gulf of Gascony then swept inland over the wide plains of the Garonne, 
perhaps even connecting the Atlantic with the Mediterrane^in by a strait 
running along the northern flank of the Tyreiices. The sea washed the 
northern base of the now uplifted Alps, sending, as in Oligocene time, a 
long arm into the valley of the Rhine as far jis the site of Mainz, whicli 
then pro])ably stood at the upper end, the valley draining southward 
instead of northward. The gradual conversion of salt into brackish and 
fresh water at the head of this inlet took place in Miocene time. From 
the Miocene firth of the Rhine, a sea-strait ran eastwards, between the 
base of the Alps and the line of the Danube, filling up the broad basin of 
Vienna, sending thence an arm northwards through Aloravia, and spread- 
ing far and wide among the islands of south-eastern Europe, over the 
regions where now the Black 8ua and Caspian basins remain as the last 
relics of this Tertiary extension of the ocean across southern Jlurope. 
The Mediterranean also still presented a far larger area than it now 
jwssesses, for it covered much of the present lowlands and foot-hills along 
its northern boi*der, and some of its important islands h.'id not yet appcarc(i 
or had not acquired their present dimensions. 

Among the revolutions of the time not the least important in the 
geography of the Old World was the continuance and completion of the 
movements by which the Eocene strata of the great meridional mountain 
chain had l)een so convoluted and overthrown. That vast chain, extend- 
ing from the Alps into Asia, received its final plication and uplift in the 

* In tills series he ^ includes the Ototara and Mawhera scrips of Hector’s “Cretaceo- 
Tertiary formation,” ^ well m his “ Upper Eocene funnation," (j. J. xli. pp. 266, 

475 ; Trans. New Zeal. Inst. xx. p. 201 ; xxxii. (1899), p. 169. 
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Miocene period. One of the results of these terrestrial movements was 
the restoration and extension of the wide lake or chain of lakes, over the 
northern or molasse region of Switzerland, in which the red Oligocene 
molasse had been deposited. The lacustrine deposits accumulated there 
have preserved with remarkable fulness a record of the terrestrial flora 
and fauna of the time. 

In the New World the physiographical changes were less pronounced. 
On the Atlantic border the sea margin continued to run not far from 
the older Tertiary shore-line. The low lands from New Jersey to 
Florida around the Gulf and up the narrowed Mississippi inlet were sub- 
merged, and subsequent elevation has only revealed the mere margin of 
the deposits then laid down, the main portion being still under water. 
On the Pacific slope the sea had retreated, owing to an elevation of the 
Eocene tracts in California, but it eventually once more encroached on 



't, Liquidambttr enropteum, Uraun. (J) ; b, Cinnamomum Btichi, Ileer (j). 


the land and surrounded the long ridge of the Coast Range, depositing 
fossiliferous sediments which are found far northward into British 
territory. In the interior the regime of subaerial and lacustrine 
sedimentation continued, and vast accumulations, partly of volcanic ashes, 
gathered in a succession of extensive basins. Volcanic eruptions appear 
to have taken place on a great scale over a large area of the Western 
States. 

The flora of tha Miocene period (Figs. 472, 473) indicates a 
somewhat subtropical climate in the earlier part of the period in Europe, 
certain of its plants having their nearest modern representatives in In^a 
and A^istralia.^ Among the more characteristic genera are Sabal, J^Aaeni- 
cites, Libocedrus, Sequoia, Myrica, Querm, Fkus, Laurus, Cinmmomum, 
Daphne, Persoonia, Banksia, Dryandra, Cissus, Magnolia, Acer, Ilex, Bhamnus, 
Juglans, Rhus, Myrius, Mimsa, and Acada, But the climate, if we may 
judge from the character of the flora, became less warm as the period 
advanced. As the palms disappeared there came a flora of more 
» Heer, ‘ Urwelt der Schwei*’ ; ‘ Flora Fossilis Helvetlie.’ 
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temperate and especially North American type, including an increasing 
proportion of deciduous trees, and a marked augmentation of the grasses, 
favourable for the evolution of deer in the North and antelope in the 
South. ^ Among the more frequent plants of this later time are species 
of Glyptosirobus, Betukif Populus, Carpinus, Ulmus, Persea, llejL\ Podogoniuin, 
and Potamogeton,- 

The fauna points to somewhat similar climatal conditions in Europe. 
There occur such molluscan genera as AncUla, Buccinmif Cancelhtm, 
CassiSf Cenihium^ Conus^ Cypnea, Mitra^ Mvrex, PleuroUmm, Potamides, 
Pyruta^ Stromhus^ Terelm, Valuta^ Arca^ Cardita^ Cardium, Meretrix, Congma^ 
Didacna, Lima^ L^tcina^ Mactra^ Ostrea^ Pnmpa’a^ Pecten^ PecluncduSy 
SpondyhiSy Tapts^ Tellim, <?tc. (Fig. 474). The mammalian forms present 
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Fig. 478.— Miocem- Plsntii. 

u, Magnolia Ingletieldi (|) ; h, Rhus Mrriani (iiat. aizc). 
c, Ficus dccaiulolleana ()) ; d, Quercus ilicoidas ({). 


many points of contrast with those of the older Tertiary periods. Huge 
proboscideans now take a foremost place. Among the more important 
generic types of the fauna are the colossal Mastodon (Fig. 475) and 
Dinotherium (Fig. 476), the latter having tusks curving downwards from 
the lower jaw. With these are associate Rhinoceros, of which a hornless 
and a feebly homed species have been noted ; Anehithmum, a small horse- 
like animal, about as big as a sheep, surviving from earlier Tertiary time; 
Macrotherium, a huge ant-eater; IHcroceros, a deer allied to the living 
muntjak of Eastern Asia ; Jlyotherium, an animal nearly related to the 
hog. A number of living genera likewise made their entry upon the 
scene, such as the hog, otter, antelope, beaver, and cat. Some of the 
most formidable animals were the sabre-toothed tigers (Machsmdus), and 


^ H. FyO^boni, Ann. A>w York Acad. Sci. xiii. (1900), p. 26. 
* Saporta, ' Monde des Plantes,* p. 272. 
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the earliest form of bear (Hymarctos). The Miocene forests were also 
tenanted by apes, of which several genera have been detected. Of these 
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Ki};. 47-1.- Miwt'iH* MoUiinks, 

• «, I’inunHi'U Fuuj.isii, Men. iln la Oniyi* (0 ; IVctancHhH Dt'sliiiji'si, MayiT (jj) ; e, CaulitA 
turonioa, Ivol. niul IVyrot; d, Tap«>8 nieyiiria, Paitscli. (ij). 


PliopithecuK was probably allied to the anthropoid apes ; Dryopithecus (Fig. 
477) was considered by Owen to be allied to the living gibbons, but Gaudry 
regards it as an anthropoid form, and as the only one yet found fossil 



Fig. 475~Ma’jtoclon aiiguatideus, Owen. 
Reduced from restoratiQn by M. Gaudry. i 


which can be compared with man ; Oreopithem is supposed to have had 
affinities with the anthropoid apes, macaques, and baboons,® 

^ For a restoration of M. americauus, see Marsh, Amer. Journ. Sci. xliv. (1892). 

■ ^ Mem. Soc. OM. France (S), i. fasc. 1. (1890). 

“ Gaudry, ‘ Les Enchainements,’ p. 306 ; Boyd Davrkhis, ' Early Man in Britain,’ p. 67. 
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From the Miocene fresh<water deposits of the interior of the 
United States large > additions have been made to our knowledge 
of the mammals of this period. The Oligocene Titanotheres, Amy- 
nodons and Hyracodons had died out before the beginning of Miocene 
time, and were succeeded by new tyi^es. Conspicuous among these 
were the Diceratherivm or two-horned rhinoceros, a number of species of 



Fijj. 470.— Diiiotherium gigaiiUHitn, Kau])., mlucod. 


the rhinoceros Aphelops^ the earliest mastodons, and new forms of equidse 
(Protohippnis, Hipparion). There were likewise new rodents, edentates, camels, 
lamas, and deer. The primitive carnivores (creodonts) now. died out and 
gave place to modern forms; the oreodons, hornless rhinoceroses, 
hyeenodons, elotheres, Hyopotamus^ and Chalicotherium likewise became 
extinct^ 



Fig. 477.— Jaw of Dryopithecua Fontani, Gaudry ({}. 


Considerable uncertainty must be admitted to rest upon the correla- 
tion of the later Tertiaiy deposits in different parts of Europe. In many 
cases, their stratigraphical relations are too obscure to furnish any clue, 
and their identification has therefore to be made by means of fossil 
evidence. But this evidence is occasionally contradictory. For example, 
the remarkable mammalian fauna describe by M. Gaudry from Pikermi 

^ H. F. Osborn, ** Rise of the Munmalie in North America,” Amer. As$oe, 1893. 
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in Attica (posieOf p. 1294) haa bo many points of connection wit^ the 
recognised Miocene fauna of other European localities, that this observer 
classed it also as Miocene. He has pointed out, however, that in a shell- 
bearing bed underlying the ossiferous deposit of Pikermi some character- 
istic Pliocene species of marine mollusca occur. Remembering how 
deceptive sometimes is the chronological evidence of terrestrial faunas 
and floras (ante, pp. 832, 839, 848), we may here take marine shells as 
our guide, and place the Pikermi beds in the Pliocene series, a position 
which is likewise assigned to them, on the ground of their mammalian 
(»)ntents, by a number of able palaeontologists. 


§ 2. Local Development. 

FranM.— True Miocene deposits are not known to occur in Britain. In France, 
however, a tolerably full representation of these formations has been preserved. The 
oldest {lortiou of them consists of sands and gravels wliich replace the lacustrine 
aocumulations of the Oligocene lakes, and have entombed the remains of many of the 
mammals of the time. Of later age than these deposits there is found in the district 
of Touraine, traversed by the rivers Loire, Indre, and Cher, a group of shelly sands 
aud marls, which, as far back as 1838, was selected by Lyell as the type of his Miocene 
subdivision. These strata occur in widely extended but isolated patches, rarely more 
than 50 feet thick, and are known as '‘Kaluns,’* having long been used as a fertilising 
material for spreading over the soil. They present the characters of littoral and shallow- 
water marine deposits, consisting sometimes of a kind of coarse breccia of shells, 
shell-fraguients, corals, |)olyzoa, &c., occasionally mixed with quartz-sand, and now and 
then passing into a more compact calcareous moss or even into limestone. Along a lino 
that may have been near the coast-line of the period, a few land aud fresh- water shells, 
together with bones of terrestrial mammals, are found, but, with these exceptions, the 
fauna is throughout marine. This fauna includes abundant corals and numerous 
mollusks, together with the bones of marine mammalia. Its general character serves 
to show that the temperature of the sea and no doubt also the land-climate of this 
region were still considerably warmer than those of the south of France to-day. 

In the region of Bordeaux and the plains of the Qaronne southward to the ba.se of the 
Pyrenees, a large area is overspread with Oligocene deposits, equivalents of some of the 
younger Tertiary series of the Paris basin. Above these fresh-water and marine beds 
lie patches of faluns like those of Touraine, containing a similar but somewhat older 
assemblage of marine fossils. Other marine deposits of Miocene ago are found running 
up the valley of the Rhone, But in the south and south-east of Franco the Miocene 
strata are mainly of lacustrine origin, sometimes attaining a thickness of 1000 feet, as 
in the important series of limestones and marls of Sansan and Simorre. 

As the result of a comparison of the organic remains obtained from the broad tracts 
of the marine faluus of Touraine, and of the oilier districts of France where similar 
soonmulations are found, aud from the, fresh-water deposits of the western, central, and 
nouth-oastern regions of the country, the French Miocene formations have been grouped 
into the subdivisions shown in descending order in the subjoined table : — 

Tortonian (so called from Tortoua in North Italy), comprising nodular marls with 
Helix turonetme (inolasse of Anjou) ; in Aqnitania a marine molasse with 
Ontrea d'oesusinia and Pecteii soioriuw; in Provence sands and sandstones 
with Osirea eroisissUm, molaase with CitfdUa JmMnnfti (Cabrici-es, Cnenron) 
ami other deposits which extend up the valley of the Rhone and have tilled up 
tissures in the Jurassic limestones. Of these flssure-deposits the liest known is 
that of Grive St Alban, between Lyons and Grenoble, w’hich has yielded 68 
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species of mammals. The TorttmUii staf^e indicatea a goueral recession of the 
sea and the spread of Ifcnstrine areas, especially over the region between the 
valleys of the Rhone and the Danul^ these areas being those in which the 
uppermoiit Mioceue deposits of Switzerland were laid down, 

Helvetian (named from its development in Switzerland) is well represented in the 
Paris basin by the faluns of Touraine above mentioned. These deposits have 
yielded numerous corals and upwards of 300 species of mollusks, of which the 
lollowing are characteristic, Pholai Dvjardinit Venus clalhraUL, (hlreacrasinssima^ 
Pecten striatvst Cardium turonicuin^ Oardita ajfinis^ Trochus incrassalus, 
OerithiuM iniradentatunu Turritella Linnseit T. biearinata, Pleurotoma 
ifthtrculosa, with s]>eciea of Cyprtea, Conus^ Afurex, Oliva, AnciUa, ami 
FascioUuia. Tliis assemblage of shells indicates a warmer climate than that ot 
Southern Europe at the present time. The associated mammnlian bones include 
the genera Mastodon, Rhita)ceros, Hippopotamus, C/ueropotamus, deer, kc., and 
extinct marine forms allieil to the morse, sea-cow, and dolphin. Similar faluns, 
rather later in age, are iuuud in Anjou, Maine, Brittany, and the Coteutni, 
Farther south in the Arrnagnac (Aquitauia) marine were replaced by lacustrine 
conditions, and a mass of variegated marls and calcareous sandstones accumu- 
lated to a depth of about 1000 feet. These strata (Calcaires de Bausau et de 
Simorre) have acquired great celebrity from the abundance and variety of their 
mammalian fauna, which includes HyotUrtiuin, antelojie, lieaver, vole, Uytumarttos, 
Mtichsprudus, cat, I>ryopithecus, Ac. 

Langliiau (from l^nghc, Italy) or Burdigalian (from Bordeaux) represented in 
the Paris basin by the Sablcjc de I’Orlcanais, de la Sologne ancl de PBure. 
These fluviatile accumulations are particularly interesting from the terrestrial 
fauna preserve*! in them, which includes Ihnotheriuni yiganttum, Mastoiiun 
antjustidius, M. tapirouhs, M. pyrennitvs. Rhinoceros Schleiermacheri, R. 
sansanUitais, R. brachypus, AncJuthenuni aureluinensf, AwthrarMh^nm 
otwtdeufn, Amphicyon ijlganteus, Alachtfrodits cvltridens, Jhlladotheriuw 
huvemuyi, Dicro^erds ftryans, and several apes and monkeys (Ptiopithecua. 
Dryopithe< u«). As Professor Gaudry has observed, we have here evidence of tin* 
conimeiiceiiient of the reign of probo.scideans and apes. In Atjuitania the depositH 
of tliis stage ure marine ami consist of faluns typically displayeil around 
Bordeaux. Among their fossils are ('lypeusier niarginatus, Orbitoides {Lycophrh) 
lenticuhria, (Urdium hurdujaJtnum, Perten hitrdujalensis, Lucina columbellu. 
Ohm jiltcarto, with teeth of sharks and l>oiies of dolphins. The sea at thi.H 
period stretched H('ros.s Provence, ascended the valley of the Rhone ami swept 
round the \ve.st end ol the Alps, leaving behind a.s its record a series of con- 
gloinerutes and samly and marly deposits with characteristic slielU, These 
.strata have since l>ueii folded and faulted in the great movements of u]>henval 
which gave its tinal loriii to the Alpine chain. 

Belgium.— Ill this country, the upper Oligocene strata of Germany are absent, 
lu the iioiglibourhood of Antwerp certain black, grey, or greenish glauconitic bands 
(“Black Crag," Boldcrian. and Anversian) present jialttontological characters which were 
at one time sup[K)scd to indicate a iiiingliug of Miocene and Pliocene forms. Theae 
deposits were accordingly termed by some geologists Mio-pliocene. They consbt of 
gravelly sands at the base, containing cetacean bones {Heteroeelus), fish-teeth, Ostrea 
navicularis, Pecten. Caillawh, Ac. They aio followed by sands with Pedunculus 
Desluiyesi (pilosus), and these by sands with Panoptm Menardi. More recent research 
has shown that the lower part of the senes of deposits is Miocene, > and is .separated 
by a break and erosion-line from the superincumbent Diestian group, which is referable 
to the Pliocene series. 

Germany. — Certain deposits of dark clay and sand which spread over pafts of the 
north-west of Germany, and contain Conna Ihijardini, C. aniediluvianus, Ftuus festivus, 
Isocardia cor, Pectunculus Deahayesi {jrilosus), Limopsis aurita, Ac., are referred to the 
Miocene formations. These are doubtless a prolongation of the Belgian scries. Else- 
where the deposits referable to this geological period are lacustrine or floviatiL in origin, 
and ai'e especially mark^ by the occurrenoe in them of brown-coala which are worked. 

’ £. Van den Broeck, Ann. Sac. Mtdac, Bdg. xix. (1864). 
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In the Meiiiz Tertiary basin an important series of marine, brackish, and ftesh-water 
deposits oecnn, which has been arranged by Fridolin Sandberger as follows — 

Pliocene — 

Upperuiost brown-coal. 

Bone-sand of Eppelsheim (Dinotherinin-sand), see p. 1293. 

Miocene— 

Clay, sand, kc., with leaves. Brown-coal of the Wetteinu and Vogelsbe^. 

Limestone with Hydrobia acuta, JJdix moguntina, Planorbia, Dreuaentia, &c. 
Corbicnla beds with Corbieula Hydrobia inflata, H. acuta, 

Ceritliium limestone and land-snail limestone. 

Sandstone with leaves {Oinnatiwnum, Sabal, Quercaa, Ulmua), 

Oligooene (see p. 1257). 

The lower Miocene beds of this area present much local variation, some being full of 
terrestrial plants, some containing fresh water, and others brackish-water and marine 
shells, indicating the iinal shoaling of the Oligocene fjord which ran down the upper 
valley of the Rhino as far as Mainz. Among the plants are sj^ecies of Quercua, Ulmua, 
Plarura, Cinnamimum, Myrica, Sabal, ko. The land-snail limestone contains numerous 
species of Helix and Pupa, with Cydoatama and Planorbia, The Cerithium limestone 
contains marine or estuarine shells, as Pcm«, CerUhiwn {C. Rahiii, Potamidea 

plieaiua), Nerita. Among the various strata, bones of some of the terrestrial mammals 
of the time occur (Canotherium, Palmomeryx). The Litorinella limestone, the most 
extensive bed in the series, is composed of limestone, marl, and shale, sometimes made 
up of Hydrobia acuta, in other places of Dreiaaenaia Brardi, or Mytilua Faujaaii. 
Abundant land and fresh-water shells also occur. Of greater interest are the mammalian 
remains, which include those of Dinothcrium giganteum, Palaeoineryx, Canotherium, 
Bhinoceroa inciaivua, Hipparum (Hippotherimn) and Cervua. The flora of the higher 
parts of this Miocene series includes several species of oak and beech, also varieties of 
evergreen oak, magnolia, acacia, styrax, fig, vine, cypress, and palm. 

Vienna Baain.* — Overlying the Aquitanian stage (p. 1259), where that is present, in 
other cases resting unconformably upon older Tertiary rocks, come the younger Tertiary 
or Neogene deposits of the Vienna basin— a large ai'ua comprising the vast depression 
between the foot of the eastern Al{>s near Vienna, the base of the plateaux of Bohemia 
and Moravia, and the western slopes of the Carpathians. This tract conimunicated 
with the open Miocene sea by various openings in different directions. Its Miocene 
deposits are composed of two chief divisions or stages as follows, in descending order 

Sarmatian or Cerithium Stage. — Sandstones passing into sandy hniestones 
and clays, or ** Tegel ” (the local name for a calcareous clay). The following 
subdivisions occur around Vienna : — 

Upper Sarmatiau Tegel, or Muscheltegel— distinguishable from the Hemals 
Tegel below by an abundance of shells {Tapea gregaria (Fig. 474), Ervilia, 
Cardium, Ac,), 295 feet. 

Cerithinra-sand— a yellow, abundantly shell-bearing, quartz-sand— the main 
source of water supply at Vienna, where it is sometimes nearly 600 feet thick. 

It yields Cerithium pictum, C. rvbiginoaum, C. diajunctum, Muresc sublavatua, 
Buccinum dujdicatum, Tapea gregaria, Mactra podoliea, Ervilia poddica, 
Cardium obadetum, Ac. 

Hernals Tegel— sand and gravel, with Riaaoa angulata, Cerithium, Viviparua, 
remains of seals {Phoca vindoboTienaia) turtles, fishes and laud plants. 

The Sarmatiau stage is characterised by the prodigious number of individuals 
^f A comparatively small mimber (scarcely 50) of species of shells. The 

1 ' Untersuchuugen Uber das Mainzer Tertiiubeckeu,’ 1853 ; ' Die Conchylien des Mainzer 
Tertiarbeckens,’ 1863. 

* T. Fuchs, Z. D. 0. G, 1877, p. 653; Homes and Purtsch, ‘Die- Fossil. Mollusken 
Tertlhr. Beckeus,’ Wien, 1851-70 ; Ettingshausen, ‘Die Tertiarfloren d. Oesterr. Monarchic, ’ 
1851 ; Von Hauer's ‘Geologic,’ p. 560 ; F. Toula, ‘Lchrbuch der Geologic, ‘ 1900, pp. 811- 
317. 









general clieracter of the fhnna in that of a temperate climate, and te etrongly 
eontraated with that of the Mediterranean itage in the abaence of the affinities 
with tropical oraub-tropical forma, and even with thoacof thepreeent Mediterranean, 
and on the other hand in some curious anal(^es with the living fauna of the 
Black Sea. Corala, echinoderms, bryozoa, foraminifera are absent or very rare, and 
the suggestion has been made that the change of the earlier Mediterranean fauna 
into that of the Sarmatiau stage points to a gradual diminution of the salinity of 
the waters of the Vienna basin, as has happened with the existing Black Sea. 
The terrestrial flora is characterised by some plants that survived from the earlier 
or Mediterranean stage ; but palms are entirely absent, and the American element 
in the flora is no longer surpasse<l by the preponderance of Asiatic types. 

Mediterranean or Marine Stage. — A group of strata varying greatly from 
place to place in petrographical characters, with corresponding diflferences in fossil 
contents. It has been divided into two sections, in descending order, as 
follows : — 

(2) Second substage, widely spread over the Vienna basin and extending into 
the Paonooian region, yielding more than 1000 sjiecieH of fossils and presenting 
variou.. phases of sedimentation. Among these phases the more important are 

Leithakalk, a limestone often entirely composed of organisms. In some places it 
mainly consists of calcareous algn (Nulliporenkalk, Lithothamnienkalk) *, else* 
where of reef-building corals (Korallenkalk), while certain soft vsrieties are largely 
made up of bryozoa (Bryozoenkalk). The layers of limestone are often 
separated by bauds of tender marls full of foruninifera {Amfikigtegina Uaueri^ 
Acc.). The limestone is rich in lamellibranchs (Ostrea digiialina^ 0, cnutissinuif 
Peden orfuuctw, Pectunculus Deshayegi {pUoaus\ Venus umhonaria^ V. multi- 
lamella, (Jai-dita. Oardium, Spondylus, Ac.), ga8tero]K)d8 {Ancdla, CerUhinm, 
Contts, Cyprma, Slrwtbus, TurrileUa), with echini (large clypeasters), fish-teeth 
{Carchanxlon, Lamna, Ac.) and bones of mammals. Along the margin of the 
basin the limestone passes into sandy and conglomeratic deposits (Leitha- 
conglomenite or schotter) which contain laige oysters, Pectunculus, Pecten, and 
abundant specimens of Clypeaster. 

Neudorf Sands— coarse sands with Ostrea digitalina, Panopma Meuardi, A tmmio, 
Pecten, Pinna, Cardita, Twrritdla, Conus slid numerous flsh-teeth. 

Potzleinsdorf Sands — flne yellow sands with TeUina planaUt, Lvcim coluinbella, 
Vtnus umhonaria, Meretrix, TwriUUa. 

Marl of Gainfahren, and Grinzing— sandy marls with about 300 species, especially 
of lamellibranchs and gasteroj^s. 

Baden Tegef— a fine blue plastic clay, abundantly fossiliferous. Species of 
Pleurotoma {P. cataphracta, P. notata, P. Lamarcki) ere so conspicuous that the 
deposit is known as the Pleurotomcntegel. Other gusteropods are Dentalium 
hakense, AncUla glandiformis, Cassis saburon, Fusus longirostris, Natica 
helicina, Ringieula buccinea. Conus, Mitra, Ac. Among the lamellibranchs are 
Oorimla gilfba and Pecten cristatus. 

Grand Beds— Highly fossiliferous marine marls which spread into Moravia, 'fhey 
contaiu a commingling of the forms found in this and the underlying substage, 
including Turrilella cathedralis, T. hicarinata, Pyrvla rustica, Murex 
aquUanicus, Conus ventricosus, AncUla glandiformis, MytUus Haidingeri, 
Ostrea crassissima, Pecten aduncus, Venus multUamdla. At tlie base of the 
second substage lie the lignitiferous beds of Mauer, near Vienna, and other places, 
containing CferifAiim lignitarum and Ostrea crcusissima. 

(1) First substage, presenting a number of lithological and palssontological 
types, which are believed to have been on the whole of contemporaneous origin. 
Among these the following may be mentioned : — 

Molt beds— with Cerithiwn margaritaceum, C. plicatum, MytUus Haidingeri, Ac. 

Sands of Lolb^rsdorf {Pecten sUarium, Cardium Kiib^, Pectunculus Fkhteli, 
Ostrea crassissima, 0. digitalina, Corbula gibba, MytUus Haidingeri, Ac. § 

Tellina-sand with Tdlim. planata, SoUn vagina, Pharus legmen, Turrilella 
calhedraLis. 

Coarse sands of ESggenburg and sandy bryozoan limestone, with numerous valves 
of Pecfew and Ostrea, also Bryozoa, Balimi, Ac. 

Schlier— agrey clay, sometimes laminated, sometimes plastic (Marl, Tegsl) which 
h^ a wide extension in the Vienna basin, firom the bonier of Bavaria eastwards 
toWallachia. Ihis usually highly fossiltferona nontaining abundant foraminifera, 
■ea-nrchlni (BriMogom oUnangensis), ptszopods, lamellibranchs {Pecten 
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denudaiiUt SoUnomya Doderleini) and gasteropoda, with some cephalopoda, 
particalarly Aiwria Aturi, and fishes 

Switiwlaad.— Immediately succeeding the strata described on p, 1268, as referable 
to the Oligocene series, come the following groups in descending order 

Upper fresh-water Molasseand brown-coal (Oeningen orTortonian stage), consisting 
of ' sandstones, marls, and limestones, with a few lignite-seams and fresh-water 
shells, and including towards the top the remarkable group of plant- and insect- 
bearing beds of Oeningen.^ 

Upper marine or St. Gall Molasse (Helvetian stage) — sandstones and calcareous 
conglomerates, with 37 per cent of living species of shells, which are to be 
found partly in the Mediterranean, and partly in tropical seas r PectuneuJfu 
Deshayeti {piloiua), Panopaea Menardi, Cardita Jouanneti, Conus ventricosus, &c. 

Lower fresh-water or Grey Molasse (Lhangian stage, Mayenckn, Biirdigalian),— 
sandstones with abundant remains of terrestrial vegetation, and containing also an 
intercalated marine band with Cenithium, lignitarium, Mmex plicatus, Venus 
daihratoL, Ostrea eraasissima, kc. 

The lower Miocene beds (Ist Mediterranean stage of Suess) in the BUle district 
consist of grey sands and sandstones, at the base about 40 metres thick, and containing 
land-plants {Alnua, Oinnamomwn). These are surmounted by fresh-water limestones, 
gypsum, and chert, which attain a thickness of 180 metres, and enclose such shells as 
ffelix rugulosa, Planorbia eomu, P. deelivia^ and remains of C?iara. The Grey Molasse 
of Lautenne has furnished numerous fan-palms, laurels, figs, acacias, and water-lilies. 
In the Lucerne district an intercalation of marine strata is found in the Lower division, 
containing a large number of individuals and few species {Trochus patulus^ Natica 
hurdigalenaia, Tapes vetula, T, helvetieay kc. ). The massive conglomerates of the Rigi 
(Kalknagelfluh and variegated or poly genetic Nagel fluh), which with their intercalated 
marls and beds of sandstone reach a tliickness of 1200 to 1800 metres (3900 to 5900 feet), 
rest upon the red molasse (p. 1258) and are believed to represent the Lower and Middle 
divisions of the Miocene series, or both the first and second Mediterranean stages of 
Suess. These enormous accumulations of coarse detritus appear to have been gathered 
together along the northern front of the Alps, partly from the waste of the older rocks, 
which can still be seen, but partly also from rocks which do not now appear at the 
surface. The finer layers of sediment enclose remains of Sequoia Langadorfiy 
Zingiberites muUinerviSy Kkamnus Oaudini, Cinnamomuin Sehcuchzeri, itc.® 

The St. Gall molarae is regarded as a marine facies of the second Mediterranean 
Stage or Middle Miocene of Switzerland. In the Rigi district the Upper division of the 
aeries is represented by marls and sandstones of lacustrine origin (Knauermolasse) with 
ffslix, Limnaaa dUatala, Planorbis Mantelli, Melania {Melanoides) JSscheriy Unio ftaheU 
iatusy together with SaliXy QitercuSy Cinnamomum, kc. But the most noted member of 
the Upper Miocene of Switzerland is to be recognised in the group of thin bedded fresh- 
water limestones of Oeningen at the end of the Lake of Constance. From the quarries 
there, now abandoned, Heer obtained some 50 vertebrates, 826 specimens of insects, 
some 40 other invertebrates and 475 species of plants. In these strata, so gently have 
the leaves, flowers, and fruits fallen, and so well have they been preserved, we may 
actually trace the alternation of the seasons by the succession of different conditions of 
the plants. Selecting those plants which admit of comparison, Heer remarks that 131 
might be referred to a temperate, 266 to a sub-tropical, and 85 to a tropical zone. 
American^ types are most frequent among them ; European types stand next in 
number, followed in order of abundance by Asiatic, African, and Australian. Judging 
from the proportion of species, the total insect fauna may be presumed to have been 
then richer in some respects than it now is in any part of Europe. The wood- 
beetles were specially numerous and large. Nor did the large animals of the land 


' Heer, ' Urwelt der Schweiz,’ p. 453. 

* Ltvret Guide, Congris Qeol. In^ematy 1804. 
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escape preserTatiou in the silt of the lake. We know, hrom bones found in the Molaeae, 
that among the inhabitants of that laud were species of tapir, mastodon, rhinoceroa, 
and deer. The woods were haunted by musk-deer, apes, opossums, three-toed horses, 
and some of the strange, long-extinct Tertiary ruminants, akin to those of Eocene times. 
There were also frogs, toads, lizards, snakes, sijuirrels, hares, beavers, and a number of 
small carnivores. On the lake, the huge Dinofherium floated, mooring himself 
perhaps to its banks by the two strong tusks in his under jaw. The waters were like- 
wise tenanted by numerous fishes, of which 32 species have been described (all save one 
referable to existing genera), crocodiles, and chelouians. 

Italy. — The enormous Aquitanian stage of Liguria (p. 1259) is followed by (1) blue 
homogeneous marine marls (of Langhe, whence the term Langhian), reaching a depth of 
nearly 2000 feet and marked by the abundance of pteropods, also Ostrea lufflecla, 
Camdaria vulgaris and Aturia aturi. This Langhian or Burdigalian stage is sur- 
mounted by (2) the Helvetian stage (3280 feet), composed of three divisions : a lower (1000 
to 1300 feet) composed of shaly marls rich in Vagindla, CUodora, &c. ; a middle (700 
to 750 feet) consisting of yellowish sandy molasse with bryozoa, recten vnitilabrum, 
Terebratula miocenira, kc. : and an upper (more than 300 feet) composed of beds of 
conglomerate and nullipores, with oysters, jwetens, &c. This stage is well developed 
on the hill of the Superga near Turin, where the lowest meml>cr is a conglomerate ' 1000 
or 1300 feet thick, containing pebbles of ser(>entine and numerous fossils (Canliia 
^ Jouaamti, Ancilhi glaruli/ormis, and other falun species) and overlain by some 660 
feet of sandy molasse {Peeten ventilaJbnimt Cidaris avrnion/iusis), which is followed by a 
conglomerate with nulliiwres. (3) The Tortonian stage, which BU])orvenos on these strata, 
consists of about 650 feet of blue marls, forming a remarkably persistent band, and 
noted for the profusion of its organic remains, es^tecially of PlmroUmjarviy together 
with Conus antiquus and other species, Trochus futtulus, TurriUlla tripUcata^ Voluia 
rarisjnna, Ancilla glaniiformis^ Ac.* 

Greenland.*— One of the most remarkable geological discoveries of modern times liM 
been that of Tertiary plant-beds in North Greenland. Heev has described a flora 
extending at least up to 70'’ N. lat., containing 137 species, of which 48 are found also 
in the Central European Miocene basins. More than half of the plants arc trees, in- 
cluding 30 species of conifers [SsquoUx, Thttjopsis, Snlisburia, Ac.), besides beeches, oaks, 
■planes, poplars, maple.s, walnuts, limes, magnolias, and many more. These plants grew 
on the spot, for their fruits in various stages of growth have been obtained from the 
dejaisits. From Spitzbergen (78° 56' N. lat.) 136 species of fossil plants were named 
by Heer. But the last Arctic expedition of the British Navy brought to light a bed of 
coal, black and lustrous like one of the Palwozoic fuels, from 8r 45' N. lat. It is from 
25 to 30 feet thick, and is covered with black shales and sandstones full of land-plant*. 
Among these, Heor noticed 80 species, 12 of which liad already been found in the Arctic 
Miocene zone. As in Spitzbergen, the conifers are most numerous (pines, firs, spruces, 
and cypresses), but there occur also the Arctic jioplar, two species of Wreh, two of hazel, 

^ On the origin of the Miocene conglomerates of the Ligurian Apennines, see L. 
Mazzuoli, BoU. Com. Geol. Hal. 1888. This author, rejecting the glacial origin which 
Gastaldi and other writers have claimed for these enonnoiis masses of coarse detritus, .some- 
times more than 1300 feet thick, regards them as littoral de]K)9lts formed during the 
depression of the region at the end of the post-Eocene uplift. One of the most valuable 
papers on the Italian Miocene and Pliocene is by C. De Stefani, “Terraiu.9fTprtlaire8 
Sup^rieurs da Bassin de la Mediterrande,” Ann. Soc. Ofol. Belg. xix. (1891), pp. 201-419. 

* C. ' Mayer, B. S. (*. F. (3) v. p. 288 ; F, Sacco, ‘II Bacino Terziario del Piemonte,' 
Turin, 1889. Miocene strata have been involved in the last Apennine plication. 

* Heer, ‘ Flora FossUis Arctica,' in seven vols. 1868-83 ; J. (/. -8L 1878, p. 66. 
Nordenskjdld, jy^.* iii. (1876), p. 207. In this paper sections, with lists of thi 
plants found in Spitzbeigen, are given. 
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an elm, and a ribarnnm. In addition to them terrestrial trees and shrubs, the lacustrine 
waters of the time Iwre water-lilies, while their banks were clothed with reeds and 
sedges. When we remember that this vegetation grew luxuriantly within 8“ 15' of the 
North Pole, in a region which is now in darkness for half of the year, and almost 
continuously buried under snow and ice, we can realise the difficulty of the problem in 
the distribution of climate which these facta present to the geologist. 

India. — The Oligocene and Miocene deposits of Eiirojie have not been satisfactorily 
traced in Asia. As already stated, the upper part of the massive Nari group of Sind 
may represent some part of these strata. The Nari group is succeedeil in the same 
region by the Gaj group, 1000 to 1500 feet thick, chiefly composeil of marine sands, 
shales, clays with gypsum, sandstones, and highly fossiliferous bands of limestone. 
The commonest fossils are Ostrea rnulticogtata, and the urchin Breynia cariuata. Some 
of the 8{)ecies are still living, and the whole aspect of the fauna show’s it to be later than 
Eocene time. The uppermost beds are clays with gyjtsum, containing estuarine shells 
and forming a {susage into the important Manchhar strata. The Manchhar group of 
Sind consists of clays, sandstones, and conglomerates, computed to be sometimes 10,000 
feet thick, divisible into two sections, of w'hich the lower may possibly be Miocene, while 
the up|)er lua^ represent the IHtocene Siwalik beds (p. 1297). As a whole, this massive 
group of strata is singularly uufossiliferous. the only organisms of any imi»ortance yet 
found in it being mammalian Itoncs, of which 22 nr more species have been recognised. 
All of these oce.ur in the lower section of the group. They include the carnivore 
Amphiqfint. pal»mdicv»y three siHscies of Aftmtodon, one of Dinothrrium, two of 
Bhinoixron, also one of NiW, Vhalirntheriumt Jnthrneutherium, Hyoitotamm^ Hyothfrium, 
Donatherium (two), Manis, a crocodile, a chelonian, and an ophidian.* 

North Amorloa. —Overlying the Eocene formations (p. 1241), and following in a 
geneial way their trend, but sometimes with a slight unConfunnability, a belt of marine 
deposits, referred to the Miocene period, runs along the Atlantic border through the states 
of New Jersey, Delaware, Maryland, Virginia, North ami South Carolina, and Georgia. 
These strata are grou|)ed as shown in the subjoined table ; - 

3. Yorktown oi Chesapeake bed.s, well developed at Yorktown, Virginia, in Mary- 
land, along the rivers and on the west shore of Chesapeake Bay. Among the 
characterlatic fo.ssils are (Mrra perctnusOy PtHen jeffersonius^ Arra idouea, 
Ptctwicxdus avhovatu/i, Astnrte undulafa, f'nmntfUu undufata, Luriua 
amidonta, Venus cortinarea^ Meretrix mnrylunthai, /Hisinut acetabula, Pannpmi 
r^exa, Citrbula itionea, TelUna hiplictUu, Typhis antfiantla, Fusus exdis, Ac. 

2. Chipola beils, so nnineci fVom their development along the Kner Chipola in 
Florida, their innst fossiliferous portion being ferruginous sands which have 
yielded nearly 400 species. The gastero^Tods are specially prominent [Btrombus 
Aldrifhiy T^irritella indtnUiy T. svbgrund^feni, T. chipofanu, Ilittinm chijto- 
ianutn). 

1. Chattahoochee Iwls, well displayed on Chattahoochee River in south-west Georgia 
and north-west Florida. The fauna, which resembles that of the Miocene 
d«]>o8itM of the West Indian i.slaiuls and Central America, includes the s^iecies 
named by Ileilprin (Mhanlax pngnax, Pyrazisinus rampuntdatvs, P. acutus, 
Cerithium hillstHm^ense, Vasum subcapitelhiuu Tun deUn Tawpfv, and others. 

Along the Pacitic Coast representatives of the marine Miocene formations are like- 
wise found in California and northwards in Washington, Or*>gon, British Columbia, and 
Alaska. In California the so-called lone formation, consisting of clays, sands, and 
sandstone/ about 1000 feet thick, is referi-ed to tlie Miocene series. In the Sacramento 
valley it is surmounted by a group of volcanic tuffs called the Tuscan formation. In 
the Mount Diablo region the Miocene series consists of coarse grey sandstones with 
Ostrsa titan. In Oregon the strata known as the Astoria shales and sandstones have a 
wide distribution on both sides of the Coast Range. They contain Yoldia iinpre$$a. 


* Medlicott and Blanford’s 'Geology of India,’ p. 310. 
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y, Cocperit Nueula divarieata^ N. trunaUa, Mtutra a/teris, ke.^ The Atiorit group 
of inarme foesils is well dereloped in Alaska.* 

Aa in the earlier periods of Tertiary time, the Mi«)ceno deposits in the interior of the 
Continent are of fresh- water origin. They are generally belioved to have been deposited 
in a succession of broad lakes, and are regarded as divisible into two groups, the one 
representing the lower and the other the upper portions of the Mioc'ene series. The 
lower is well displayed in Eastern Oregon, where it forms the John Day group, largely 
composed of volcanic tulfs, aud reaching a thickness of several thousand feet. Tlie up]>er 
division consists of two sub-stages, of wliich the older is named the Deep River sub- 
stage (160 feet), from its development on the Deep River, Montana, north of the Yellow- 
stone Park. The younger or Loup Fork (Nebraska) sulwtage, about 400 feet thick, 
partly of lacustrine and partly of fluviatile origin, has a wide distribution, seeing that its 
representatives have been traced fron» Oregon into Mexico.* 

Among the characteristic mammals of the John Day group are the rodents, Seittrus 
iyortman7ii, AUdmya nitnis, A. hijtpodtu, JCntoptychua planifrom, Paeiailtu locking- 
ionianua^ Lepua enniaianua, the carnivores Paradafikaenm {Amphiqftm) ruapigat'ua, 
Nothocyon {GaUeynvs) lemur, Temnocyon altigenia, IHnidia cyc/c^os, Areheelurua debilia 
Ac. ; horses {Mcauhippua or Anehithrrium), rhinoceroses (IHeeratherium), the elotherid 
Bodchcerua humeroaus, the pig Bothrolnbia, the oreodonts AgriocAomta, Bporeodon, Meryco- 
ehterua {Orroflon), and the camels Prdomeryt and Hypertrcigulua. The Loup Fork beds 
have yieldeil a still more vari^l mainmaliaii fauna, which comprises rmlcnts {Mylagautm, 
Ceratogauhia, Steneofiber), carnivores {AElurotim, four 8]tecies, Amphieijon^ Cynarctua, 
Pnfudtelurua), elephants, horses (Anchippua, J*rotohippua, several sjUK-ies, Pliohippua, 
ffipparion), rhinoceroses {Acaratherium, Teleoeeraa, aeveral sjtecioa), oreodonts {Mery- 
chyua, Cyclopidiua), camels [Ihrocamebia, several sfiecies, J^roto/abia, Mudahia), deer 
{BlcuUmeryx, Coaoryx) and bisona. 

South Aaiiriea.— In the southern part of this Continent a great stories of Tertiary 
formations represents the Miocene, Pluxicne, and Pleistocene jwriods, but the )>recise 
correlation of the different memWra with those of North America and the Old World 
has not yet been settled. The Patagonian formation, which covers so vast an area, is of 
marine origin, and has yielded some 200 sfiecies of invertebrates. The general charwter 
of these organisms points to their being of Miocene age.* A reraarkable feature in them 
and in the vertebrate fauna of the overlying formation is the striking aftinitios they show 
to the Miocene and living forms of Australia and New Zealand (Pareora beds), f>erhap8 in* 
dicating cither a land connection or shallow seas and islands ladween Houth America and 
Australasia. Above the Patagonian conies the Santa Cruz formation, where mammalian 
remains have been met with in greater abundance than in any other known deposit. 
Even more remarkable than their numbers are their variety ami their contrast to those 
of the northern continents. The fauna is marketl by the presence of numerous carnivor- 
ous and herbivorous marsupials, by an extraordinary variety of edentates, alothi, 
armadillos, and ant-eaters, by many genera of ungulates belonging to peculiar orders 
(Typolheria, Liioptema, Torodonlia), and by South American tyjjeB of monkeys and 
rodents. Besides these jiositive features, the assemblage of organisms is further dis- 
tinguished by the absence of families of common occurrence elsewhere. There are no 

» J. S. Diller, l7tA Ann. Hep. U.S. (i. H, Part 1. (1896), p. 29. 

* For a list of the Alaskau localities and the species found at them, W. li. Dali and 

(i. D. Harris, MU. U.S. ft. S. 84 (1892), p. 263. ^ 

* The upper part of the Loup Fork group, sccordiog to Professor Scott, may be Pliocene. 

* A. £. (Mmaou has published an account of the Tertiary invertebrates. He regards 
the Patagonian beds as of Lower Miocene age, dwells on the remarkable afflnitlee of the 
faunas of South America. New Zealand, and Avstralia, and dlscussec the theory of an 
Antarctica or Antarc,^ Continent, Prineatm Univeraiiy HeporU frm, Baqpaditum to 
Pttiagenia, vol. iv. Part U. pp. SOS-SIO. 
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true carniroree, oroodonts, artiodactyls, periesodactyle, elephants, mastodons, or bats.^ 
Unconfonnably above the Santa Cnns formation lie the Cape Fairweather beds, which 
from their fossils are regarded as Pliocene. 

AuftraUaia.— In Victoria certain deposits later in date than those mentioned on 
p. 1260 have been referred to the Miocene period. They indicate marine, lacustrine, and 
terrestrial conditions, with the existence of contemporaneous volcanic activity towards 
the end of the series. The marine rocks consist mainly of calcareous sandy strata and 
limestones, with CdUjm‘(u Spatang^ts^ Terebratula^ kc. The lacustrine deposits are 
clays and lignites, and the flnviatile materials consist of gravels and sands which are 
often auriferous. Great sheets of basalt, forming the older volcanic series, have been 
poured over these various accumulations, whieJh are sometimes 300 feet thick. A large 
number of plants, mollusks, fishes, and marine mammals has been obtained from this 
Miocene series. •* 

Rocks assigned to Miocene time in New Zealand have been divided by Hector into ; 
Ist, A lowei series, consisting of calcareous and argillaceous strata widely spread over 
the east and central part of the North Island and both sides of the South Island. Tliey 
can be traced to a height of 2500 feet above the sea. Marine sheila abound in them, 
inclurling 5,5 siwcics which are found among the 450 shells that now live in the adjacent 
seas. Some of the most notable foasils are Dentalium irregiilarc, Pleurotoma amimoa- 
(ttais, Conus Tmilli, 'I'urritdln gigantm, Bvccinum Robinsoni, Ciicvllxa alia. In some 
places thick depoiit.s of an inferior kind of brown-coal occur in this subdivision. 2nd, 
An upiMjr scries composed of littoral or sub littoral accumulations of sand, gravel, and 
clay. They have yielded 120 recent sjiecioa of shells, and 26 siXKsies which appear now 
to 1)0 extinct. Specially characteristic are ihtren ingens, Murer. octagonns, Fusiis triton, 
Stntthioiaria cingulata, Chionr ossiniilis, Pectsn gemmulatus.* 

According to the classification of Captain Hutton, the Miocene rocks of New Zealand 
are compriseii in his I’nrcora series (p. 1246), which, occasionally overlying beds of coal, 
consists chiefly of soft sandstones and clays, with limestones on the oast coast of the 
North Island from Wellington to Hawke’s Hay. It has yielded about 235 .species of 
mollusks, of which 61 are common to the Oainaru series below, and from 20 to 66 per 
cent are still living. The large .si/e of some of the shells is remarkable, especially those 
of the genera Ostrea, Peclen, Lima, Cacnlhra, GrassaUlla, Curdium, MeretrLc, JJenlalinm,, 
J'lenrotomaria, Ttirho, Scalaria, TamU'Ua, and Natua. The fauna has thus a some 
what tro[)ical aspect, which is supported by the flora found among the shales and lignites 
in the upper |)art of the series. The fruit of palm trees has been met with not only near 
the northern end of the North Island, but even as far south ns Oamarii in the South 
Liland (lat. 46'* 8. ). An intorosting feature of this series of strata is the evidence it 
contains of coiitom(K>raneous volcanic activity. It includes remnants of the last 
eruptions of the Soutli Island and the earliest of those which now began in the North, 
The latter are shown in the ando.sites of the Thaines gold-fields, Whangarei Heads and 
Great Harrier Island, and in the trachytes of Hicks Bay, all of which belong to an 
early jwrt of the Pareora i>eriod. Rather later are the rhyolites of the cliffs around Liake 
Taupo. Since the marine deposits were laid down they have been upraised to a height 

' This extroonlinary fauna ha.s been partly described by Lydekker in the Paleontofogia 
Argentina, 1890 and subsequently, no fewer than 20 genera of edentates being given. More 
recently the ex^itiou referred to in the foregoing note has been sent from Princeton 
Universitf , and a vast collection has been made of which an account is now in course of 
publication. When complete the Paleontological part of the Report will consist of three 
massive quarto volumes, in which the organic remains will be fully illustrated and described. 

* W. B. Scott, Brit. Assoc. 1900. 

’ R. A. F. Murray, ‘Geology and Physical Geography of Victoria,’ 1887. M'Coy, 
* Prodromus of Victorian Palaeontology.’ 'The younger volcanic series is Pliooene (p. 1299). 

* Hector, ‘ Handbook on New Zealand,’ p. 27. 
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of SOOO feet abore the tea in the Sooth Island, and to not less than 4000 feet in 
Hawke’s Bay.‘ 


Section iv. Pliocene. 

§ 1. General Characters. 

The tendency towards local and variable development., which is 
increasingly observable as we ascend through the series of Tertiary 
deposits, reaches its culmination in those to which the name of Plio- 
cene has been given. Doubtless one main cause of this asjHJct of the sedi- 
mentation is to be sought in the comparatively trifling geographical changes 
which have taken place since the Pliocene strata were accumulated. The 
sea-floor has, for the most part, Isien only slightly upraised, so as to e.vpose 
merely the remains of the sliallower and more confined waters. The vddt* 
spread oceanic deposits of the j)erio(l, which may have h<*en as extensive 
and as thick as those of earlier ages, still lie hnried under the sea. Whore 
a more serious amount of uplift has occurred, much tliieker represetitatives 
of Pliocene sediments have been brought to light. Thus in the basin of the 
Mediterranean, es|)ecially along both sides of the Ajjermine chain and in 
Sicily, where the elevation since Pliocene time has been oonsi<lerablo, a 
thickness of 1500 feet or more of Pliocene sediments has been raised into 
land. These deposits were accumulated <lnring a slow depression of the 
sea-bottom, and their growth was brought to an end by the subterranean 
movements which culminatxid in the outbreak of Etna, Vesuvius, and the 
other late Tertiary Italian volcanoes, and in the uprise of the land between 
the base of the Apennines and the sea on either side of the piminsula. 
Great volcanic activity continued to manifest itself in other districts, such 
as Central France. A.s a whole, the marine Pliocene deposits of Europe, 
local in extent and variable in character, reveal the lieds of shallow seas, 
the elevation of which into land completed the outlines of the Continent 
at the close of Tertiary time. Thus these waters covereil the south and 
south-east of England, spreading over Holland, Belgium, and a small part of 
northern France, but leaving the rest of northern and western EurojK? as 
dry land. Here and there, in south-eastern Eurojic, evidence exists of 
the gradual isolation of portions of the se^ into liasins, somewhat like 
those of the Aralo-Caspian depression, with a brackish or less purely' 
marine fauna. In some portions of these basins, however, as in the 
Karabhogas Bay of the existing Caspian Sea, such concentration of the 
water took place as to give rise to extensive acciimnjations of salt and 
gypsum. In a few localities, fluviatilc and lacustrine deposits of the 
Pliocene period have been preserved, from which numerous reiyains of 
terrestrial vegetation and mammals have been obtained. 

The Pliocene flora is transitional between the luxuriant evergreen 
and sub-tropical vegetation of the Miocene period and that of modern 
Europe. From the evidence of the deposits in the upper part of the valley 
of the Amo, ahoye* Florence, it is known to have includo<l species of 
> Captain Hnttoii, Tram, New Zeal. IvM. xxxii. (1699), p. 171. 
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pine, oak, evergreen-oak, plum, plane, alder, elm, fig, laurel, maple, 
walnut, birch, buckthorn, hickory, sumach, sarsaparilla, sassafras, cin- 
namon, glyptostrobus (Fig. 478), taxodium, sequoia, &c.^ The researches 
of Count de Saporta have shown that the flora of Meximieux, near Lyons, 
comprised species of bamboo, liquidambar, rose-laurel, tulip-tree, maple, 
ilex, glyptostrobus, magnolia, poplar, willow, and other familiar trees 
(Fig. 479).® The forests of that part of Europe during Pliocene time 
conjoined some of the more striking characters of those of the present 
Canary Islands, of North America, and of Caucasian and eastern Asia, 
including Japan. There is evidence, however, that a marked refrigera- 
tion of climate was in gradual progress, during which the plants, 
such as the palms, especially characteristic of warmer latitudes, one 



by one retreated from the European region, or lingered only on 
its southern borders. In England, towards the end- of the Pliocene 
period, the climate, if we may judge of it from the plants preserved 
in the Cromer Forest-bed, had come to be very much what it is to- 
day. Among the vegetable remains found in that deposit are those 
of many of the familiar forest trees still living in the south-east of 
England. Some of our common wild -flowers and water-plants had 
now made their appearance, such as the buttercup, marsh -marigold, 
chickweed, milfoil, marestail, dock, sorrel, pondweed, sedge, cotton-grass, 
reed an^ royal fern.^ 

* Gftudin, * FsuUloi fomilaa d€ la Toscane.’ Oaudln and Strozzi. * Contributions k la 
Flora fossile italienne.’ Lyell, * Student’s Blements,’ 4th edit p. 172. 

* ** Reoherohes sur les V4g^taux fossUes de Meximieux," Ar^iv. Mu$. Lyon^ L (1875-76) 
and his * Monde des Plantes,’ p. 814. 

* C. Beid, * Pliocene Deports of Britain,’ Mm. Oeol. Sure. (ISiK)), pp. 185, 231, and 
hla ‘Origin of the BritUh Flora,' 1899. 
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Id the fauna of the Pliocene period, as contained in the various 
deposits of the time, the invertebrate portion is specially conspicuous. 
The gasteropods, lamellibranchs, polyzoa, and foraminifera are the more 
abundant groups. All .the gasteropods and lamellibranchs belong to 
living genera. In the English Pliocene deposits AjMfrrhais, Buccinutn^ 
Nassa^ Natka^ Neptmea {Chrysodinnm)^ Purpura^ Risstki^ Scahiy Tntono/wtuSt 



Fig. 470.- PlaiiU 

(a) PopuluH cantwcrna ; (b) Salix alba ; (< ) wumjMi'UH ; (d) Ainu* glulinona . 

(k) PlaUnuH a<'.^rui)li*’i (}). 


Triria, Trochus (Calliostoma\ TurriUlh and Volviia (Aurinia) are common 
gasteropod genera. In the same deposits the lamellibranchs are re* 
present^ by Astarte, Cardiia^ Cardium^ Cyprim^ Dosim^ Lucina^ Madras 
Nuadaf Ptcteriy Pectunculusy Tdlim^ &e. Among the numerous 

polyzoa more particularly found in the Coralline Crag, are Etchara, 
Homerot Lepralic^ Theatm^ and Membranipora. Eleven genera of echinoids 
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have been obtained in England, the chief being Echinus^ Echimcyavm 
and Temnechinus} 

The vertebrate portion of the fauna still retained a number of the now 
extinct types of earlier time, such as the Dinotherium 
and Mastodon. It was specially characterised also by 
troops of rhinoceroses, hippopotamuses, and elephants, the 
Elf'phtis (Fig. 480) being a distinctive form; by 

large herds of herbivora, including numerous forms of 
gazelle, untel»)pe, deer, now mostly extinct, and types 
intermediate between still living genera. Among these 
were some colossal ruminants, including a species of 
giraffe an<l the extinct gimffe-like genera IMladotherium 
(Fig. 487) and ASamoUierium, as well as other types met 
with among the Siwalik beds of India {Sivatherium, 
Fig. 489, limmathemim). The tkiuidae were represented 
by the existing Equmt^ and by extinct forms, one of 
the most abundant of which was Hipparion (Fig. 481), 
like a small ass or (^uagga, with very complex teeth and 
Flu. 4 s(i. . Kinphtw three toes on each foot, only the central one actually 
meri<iioiiahH, N.sti. reaching the ground. Hesides these animals there lived 
Crown of uiuini (i), various apcs {M('}iopillif(‘a'i^ Fig. 482, Jfolkluipittiec'iis), 

likewise species of ox, cat, bear, machajrodus (Fig. 488), hyjena, fox, 
viverra, porcupine, beaver, hare, and mouse. 

The succession of the mammalia during IMiocenc time, as worked out by 
Gaudry, is shown in the subjoined Uible : - — 

rf . of Perrior near laHoin;, Conpet. VmlctU* (Haul** lioire), Chagiiy (Sauiie 

^ .p ? I et Loire) with a puit of the Vai *r.\rijo ami of th** Etigli.sh (.'rag. 
gj 5 < Ap)H 5 araai*e «'t horoi's, <).\**u, elejihants, marmots, haros, lieara. Dis- 

& E .5 I appearanc e *>f ajms. The antelopes become rare, the iUn*r uu'rem*. The 

— * \ eiephaut coexists with the Ma!»to*lon. 

^ ^ I Silage of Montpellier ami of Casino ;Tusi*au> b 

^ § I Appearance of the seumtipithei'i (apes). The hippanon .slill exists, but tin*. 

3ft I hinotheriutn, Aneput/wnum, ami many other geneia ol the preceding 

^ ( pcriotls miw rlisup(>ear. 

St^of Pikerini, Baltavar (Hungary), Mont Leberon ^VauchiiJe) ami t’onciul 
(Spain). 

Appearance of the genera Tniijuceius, Palivori/j, Pidit O’ 

tratfUi!, PeUn-mviM, O’azfUti, Hel/adot/ifriiiiiu deer, Anri/luthrrunn, jxircu* 
pine, Iclitheriuin, hyteua, //yunicOs, Prinuephitui. Keigu of the 
herbivora, which form iiuuteuse herds. 

The advent of a colder period is well shown by the change in the 
aspect of the molluscan fauna as we pass from the older to the younger 
Pliocene deposits of Europe. On the one hand, a number of northern 
mollusks make their appearance, while on the other, there is a correspond- 

^ The chief authority ou the English Pliocene mollusca is S. V. Wood, Crag Mollusca," 
PalmtHtograph. She. 1848-82 ; on the polycoa, G. Busk, *• Crag Polyioa,” PalteorUograpk. 
<Sbc. 1859. The Echinoderniata have been described by E. Forbes, “ Echinoderms of the 
Tertiaries,” Palmmttjr. Soc. 1852, aud by J. W. Gregory, “ British Cainozoic Echiuoidea,” 
Proc. tied. Assoc, vol. xii. (1891) p. 16. The Foraniinifera hav« been discussevl by Jones, 
Parkw, and Brady, “Creg Foraininif»'Ta," Palmmtograph. Soc, ISd** and 1895. 

* * Enchainements du Monde / ^Hainmiferes Tertiaires,’ p. 5. 
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ing elimination of southern forms. The proportion of northern species 
increases rapidly in the next succeeding or Pleistocene series. The Pliocene 
period, therefore, embraces the long interval between the warm temperate 
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climate of the later ages of Miocene and the cold PluiHtocenc time. 
The evidence of change of climate derivable from the I'higlish Pliocene 
marine mollusca may lie grou|>ed as in the subjoined tJibk*, which shows 



Fig. 4V2,~lf«(opiUiMtu Peiitfliri, GauUry ({). 


the gradual extirpation of southern and advent of northern forms in the 
long interval between the deposition of the oldest and newest Pliocene 
deposits.^ 

* F. W. Uann«r, (J^J. o’. S. Ivi, (1900), p. 726 ; ace atac> C. ReUl, ‘I'liocene DcpMiU of 
Britain,’ p. 145. 
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Not known m 
living species. 

Per cent. 

Southern 

forms. 

Per cent. 

Northern 

forms. 

Per cent. 

Weybourn aud Chillesford Crag 

11 

— 

33 

Fluvio-mariiie Ciug 

11 I 

7 

32 

Red Crag of Butley 

13 ! 

13 

23 

Red (’rag of Newbouni . 

32 1 

16 

11 

Rod Crag of Walton 

36 

20 

5 

Coralline Crag 

38 

26 

1 



h 
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Ktg. 483. —Pliocene Marino HhellH. 


K, Khynclionolla (Heniithyrla) paltlacea ; h, Panoptea norveglca (i); Purpura lapilhis (*) ; d, Neptunea 
(ChryHOdonina, Troplion) aiiUqua 0). All tlieae species still livo in the seas arouiiU Britain. 




§ 2. Local Development. 

BrlialxL^— In tiie Pliocene period, after a long period of exposure as a land-surface, 

* Preatwich, J. (/. & xxvii. (1871). Lyell, ’Antiquity of Man,’ chap. xii. (1863). 
Searles Wowl, “Crag Hollusca," iWvion/. .Soc. (1848-57), and Supplement by S. V. Wood, 
junr. and F. W. Hanner (1872). H. B. Woodward, “Geology Norwich," and W. 
Whitaker, *' Geology of Ispwich," Ac. both in Man. Qed. Survey. The fullest account of 
the stratigraphy will be found in the monograph by C. Rr id, already cited, on the ‘ Pliocene 
Deposits of Britain ’ (Mem, Ued. Survey), which contains a valuable bibliography. The 
subject has since been discuased in detail by Hr. Harmer (Q. J. O. S. liv. (1898), p. 808 ; 
Ivi. (1900), p. 706, also a general summary of his views, iVoc. Oeol. Amsoc. xvil (1902) 
p. 416). In a new classifleation of the Pliocene deposits of the east of England, he oousidera 
that the upper limit of the older part of the series should be placed immediately above the 
Lenham beds, and that the Coralline Crag should be made the base of the Newer Pliocene 
series. He proposes a number of new names for the several members of the whole succession 
of deposito, derived from the localities where they are best developed, Q. J. O, S. IvL 
p. 708. 
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during which « continuoiut aitd ultimately stupendoua Kubaerial denudation \va». in pro- 
grcM, BriUiu underwent a gentle, hut ap^Nirently only local, suiiaidenco. We have no 
evidence of the extent of this dcprt'sMon. All that cuii he ntliimed is that the south' 
eastern counties of Kngland iH‘gan to auhside, and on the suhincrgcd suifare siunesand' 
banks and shelly dejHmits were laid down, \ery much as similar acciimul.itions now take 
place on the iKiitom of the North Sea. These lorinations, teiined gciieially “ (’rag. " .uc 
followed by eatn.tiine ainl fresh -water strata, the whole l)eing snhiiMded, a(’«*»tr(l)ng ti» the 
projiortiou of living sjtecius of shells, into the following groujM in de«cendiiig older 


Base of the \ 
Pleistocene. / 


Newer 
Pliocene 
(c«dd tein- 
|)erate). 


Older 
Phoeene 
(wartii tein- 
IHTiite), 


Arctic Kresh-woter Ht'd (with Sitltr IMu/u hihi.i, Ac.h 


ViJihii iutfoiiA Bed, fla.ssed provisional!) as IMuhxmh-. 

ilo to tiO leetl. I K.ish-water. '.f 

I Uewlisli. 


with 

I/O / 

tit 


We>hoiun I’rag (and t'hille-fonl (’lay 'I. 1 to 2‘J leet. 

( liilleslonl ('rag (T* to l.'V feet,'. 

Norwich Crag ainl ^ rtyfht'tilurnf Crag (fi to 10 feet). 1 , . . 

u 1 i. f II .1 t I leet at 

H»*<l ( rag of But ley, Ac. f *l . 1 1 

Hed Crag of Newhouni, Oaklej, and Walton. ! ‘ *'* 

St. Erlh Beds. 

Coralline Crag (41,1 to 60 teet). 
lienhaiii Beds (Diestiaii). 

Box-stones and phosphat** Wds (with derivative early Pliocene 
fossils 1. 


Oldru Pi.im'KNK. I'lie dejKihils of thi.s age probably at one tune (*xtendcd ovei a laigi* 
part of the south and .south-east of Kngland, hut they have been lednred by denudation 
to a few wnlely .separalesj fNitclies, the iaigest of which, around Oxfoid in Siilhdk, does 
not cover nioie tlian aliout ten sijuare miles. They eoninst chielly of slielly smilft 
known a.s the Coialliiie Crag of Suffolk, but a Miiall mitlier of fussilileious sand ixsuih 
on the edge of the North Downs at Leiihaiu, and other iionstune paB-hes, ]uohahly of the 
same age, cap the Down a.s far as Folkestone. F.ar to the west, at St. Kith in Coruw.ill, 
an Lsolated deposit of older Pliocene age has lK*en detwteil. These thin and scattered 
fragments convey no adeipiatc conception of the length or imiKUtancc of the geological 
periofi which they icjiresent. As' above reinarkod, it is not until we pass into the noitli 
of Italy aud the liasiii of the MediteiTanean that we discover tlie Pliweiie peiiod to he 
represented by thick accuruuktioiis of upiaised marine stiata coin|Nirahlo in extent and 
thickness to some of the antecedent Tertiaiy wiies. 

A strongly muiked break, both stratigraphieal and paWontological, sejiarates tlie 
Pliocene deposits of Britain from all older foi niations. They lie uncuufonniilily on 
every tiling older than themselves, and in their fossils show a great con Hast even to 
those of the Oligocene series. The sub tropical plants and animals of older Teituiiy 
time are there rejdaced by others of more temperate t)i»es, though still j»ointing to a 
climate rather wanner than that of southern Kngland at the present time. 

A conghiineratic deposit (N<k1uIc Iseds, Box-stones) forms the base of tin* Red Crag, and 
sometimeui also underlies the Coralline Crag. It includes fragments of vaiious rocks, 
suoh as flints, septaria, sandstones, ijuarU, 4Uttrt7dte, graiuU’, and other igrieeiis 
materials, together with a miscellaneoua assortment of derivative fossils, including 
Juraasio aininouites and hrachioiiods, sharks' teeth and other fossils from liiy Lornlou 
Clay, the teeth of many land mammals (pig, rhinoceros, masH>«ion, tapir, deer, 
hipparion, Ac,), and pieces of the rib-bones of wdiales. Many of these organic remains 
must have been derived from some older Pliocene deposit which kss otherwise entirely 
disappeared. They have been to a largo extent phosphatised, and hence have liecii 
extracted as a source of pWwphate of lime. Among the content.^ of the dojiosit some of 
the most interesting dhd iiit{K>rtant arc rounded pieces of brown sandstone, known as 
box-stones," evidently den veil from the denudation of a single horizon, and enclosing 
VOL. 11 2 f» 
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cuts of msrine shells. The general facies of the assemblage of shells obtained from 
theu fragments points unmistakably to a lost formation, probably of older Pliocene 
time. At present 16 s^weies have been determined, all of which are well-known British 
Pliocene forms, except two, which occur in Continental Pliocene deposits.^ 

Lenhain Beds, Diestian. — On the edge of the Chalk Down of Kent near Lenham, 
patches of sand cap the Chalk, and descend into pi{>e8 on its surface at a height of more 
than 600 feet above the sea, and, as above stated, other similar nests of ferruginous 
sands are met with along the downs as far as Folkestone. At tirst these deposits were 
thought to be {tortious of the base of the Tertiary series, but the occurrence of ap])arently 
Pliocene shells in them led to a more thorough investigation of them, with the result 
that they have been {iroved to be of the same age as similar de|)osits which cap the hills 
on the other side of the Straits of Dover from Boulogne into Belgian Flanders, whence 
they stretch northwards as a wide continuous sheet into Holland, These sands, known 
as Dieslian, have yielded at Diest and Antwerp a large assemblage of fossil.s, which prove 
them to be of older Plhn ene age. Of the Diestian fossils of Holland and Belgium so large 
a proportionhas been detectedin the Lenham deposits,generu]ly in the form of hollow casts, 
as to leave no doubt ol the geological hori/.oii of these scattered fragmspts of a formation. 
AliOUt 67 a|)cciea have been obtained from Lenham, the southern character of which is 
indicated by the genera Xeiwpliorn {riwrus), 

l.otorium (Triton), and yUucu/u, with abundant examples 
of y/rm dihivii, Cardiutn jxipUlonum, and the jiolyzoon 
iUipiilariii caHanenxix. Some of the extinct 8{>ecies are 
found elsewhere in Miocene deposits and in the Italian 
riiocene formations. The jiroportion of existing sjiocies is 
reckoned at 57 i>er cent ; 7.^> i>er rent of the whole fauna is 
found III Miocene, and 7'2 js'i* cent in the Mediterranean 
I’lioceiie de|>osiK'* It is intensting to inUire the gieat 
change of level whieh this fragmentary formation serves to 
prove since older Pliocene time in the south of England. 
Kiom the general character of the fauna found at l.cnham 
it is prolsihle that the shells lived in a depth of not less 
than 40 fathoms of water. This vertical amount, added 
to the present height of the ilejHisit als>vo the .sea, gives a minimum of 860 feet of 
uidift.* At the same time, we cannot but he struck Avith the evidence wliich is )ieie 
presented of groat demulation. There may have been a thick accumulation of Pliocene 
deposits over the stmth east of England, hut the whole has been swejit away, leaving 
only such portions us cscajicd by being ahelterod in hollows of the Chalk. 

St. Ertli Bed.s.— The only other fragments yet known of older Pliocene foimations 
in Britain lie far to the west between St. Ives and Mount’s Bay in Connvall, Avhero a 
[latch of clay at St. Erth, 120 feet al»ove the sea, and probably less than a quarter of a 
square mile in area, contained in a hollow' of the slates, has preserved an interesting 
series of organic remains. Another outlier occurs on tlie oppo.site side of the same 
valley at the height of 150 feet. Among the forms which connect this deposit with 
corresponding strata elsewhere the following may be mentioned : Turhonilla plicatiUa, 
Colundtella sukala, Trivia (Cyprma) avtllana, Evlimene terebelUUa, Fisaurella eostaria, 
Lacana aubopertfl, Melamptts pyramidalu, Noam reiicoM, Natica millcpunetata, Kingi- 
cula acuR% Trochm nodulifertna, TwrUella inerassata, Cardita aciUeaia, Cardium 
papiltoaum,* The assemblage of fossils indicates a probable depth of water of 40 or 

‘ C. Reid, op. cit. p. 6 aeq. F. W. Harraer, J. f/. & liv. i>. 818 ; Ray Lankeeter, op. 
et(., xxvi. 1870. U was possibly from the destruction of the .strata overlying the Lenham 
that tbs Nodule or Box-stone materials were derived. o 

W. Hanuer, op. cit. p. 812. * C. Reid, op. pp. 42, 62. 

* C, Reid, op. eii. pp. 69, 238, Summary qf Progrtaa of O'eol. Sum, for 1901, p. 81. 
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M) faibomt, and thaa poiou to an elevation of the land to the extent of about 400 feat 
linoe Pliocene time. 

Coralline Crag (BryozoaUi 'White, or Suffolk Crag') coneiste eaMntially of ralrareotte 
tamls, containing hanlly any inorganic matter, but nminiy made U|j of ahellH and hryozoa. 
it ui exposed at various localities in the county of Suffolk, betaeen Hutlcr Creek and 
\lileburgh. According to the census of Searlea Wood, published in the number 
>f mollusks found in this dejxisit amounts to 4ii0 sjjefies, of which li.M or 60 per cent 
ire still living. The southern cliaractcr of the fauna ia still shown by some of the genera 
)f shells, such as large ami showy S}»ecieM of Volutn {Aurinia), CasniUnria, CimMt Ptfrula 
[Fiatla), HinnUfji, Chami, CardiUi, and Phofadtnnya^ likewise (huh, Mifru, Ldvrium 
\TriUni\ VcTmfta% Rinaficuta, Vfrticurdut, Comlliophiiga^ and Holfcurlntt. C'haracter* 
istic species are Citniita corbU, C. aeni/ijf. Litnopsut pytjtnjua,- Rin^icitla bueciuM, VoltUa 
[Anrinia) Lamberii (Fig. 486), hjrula rfticulata, AitUirU Onutlii (Fig. 4Sr»), Phofadomya 
kisU;nM, Pecten {JEqaipectfii) operculart^. Lingula Ihtmortifrit aiul TrrfhraiHla grandin. 
Hardly less abundant and varied are the hryo/ua or “('orallincs,'* from which one of the 
naniesof the deposit is taken. No fewer than 118 K|>tvies have been named, of which 76, 

>r about 64 |>er cent. aj>|a-ar to be extinct. S|MH’ially cbaiacteristic ami }iceuliar are the 
large massive forms known as Alr^ularui and Thfotuxt {FaattKulnrin) (Fig, 481). There 
ire three sjiecies of corals all extinct. Of the 16 sirecies of echinuderms at pitrseut 
known, only three ate now living. Remains of fishes are of common occurrence, 
es|H'cially in the form of ga^loid otoliths. Teeth and dermal spimxs of the skate and 
wolf fish are met with, and to these shell-catmg fwh the broken condition of so many 
af the shells may probaldy W ascrilrerl. Traces of one of the larger dolphins have 
been found, hut no remains of any of the contenijHiraneons land •mammals, though a 
few tlrifted land-.Hhells show that the land lay prolwhly at no great ilistance. The 
Coralline Crag may be regardinl as an elevated shell-hank, which aceuinulated on the 
floor of a worm .sea at a depth of from 2ri to 30 or .'iO fathoms.^ 

Newfk I’l.iiM'ENK. - The British deposits of this age are, so far as we know, confined 
to the counties of Norfolk and Huifulk. They are se|tarated hy a eonsiderable break 
from the older scries, for they lie on an eroded surface of the latter, and pass across it 
HO a.s to rest upon the hkH ciie forinatioii.s, and even on the Chalk. There is likewise * 
marked conti'a.st lictwcen the fauna of the two series. The newer de|>o8its show that 
the break must represent a long {icriod of geological time, during which a great ehanga * 
of climate took place in Kurojs*, for fhe Houthein forms are now loiiml to have generally 
disap{>e.arcd, and to have Is'en replaced by nortlieiii forms that, following the chango 
of temi>erature, had migrated from the colder north. 

Red Crag. -Under this name is ( lassid a series of Iwail acciiniulntiuns of dark-red 
or blown ferruginous shelly sand, which, though well marked off from the Corallina 
Crag bedow, is leas definitely scioirablc from the Norwich Crag aliovc. Judging Iroin tha 
variations in its fossil contents, geologists have inferred that some iMirtions of the de]KMiit 
ara older than others, and tliat they successively ovcolap each other as they are followed 
northward. Tins view Iihn recently hecn cniorcedin detail by Ml. Harmer, whol»elievei 
that three if not four distinct -stages may In- recognised in the Red (hug, not following 
each other vertically but bon/.ontally, the oldest lying farthest south and containing 

’ Mr. Hamter has pru]>o.sed still another name, *' (o-dgravian,” from (;e<igrave in Suffolk, 
where only this division of the Crag is present, V- *•’ P* 4 

^ C. Reid, ftp. cit. p. 19 Mr. Uarriter compares the deposit with the coiiditioos 
found to exist on the Turlx>t bank off the north-east coast of Ireland, where by the strong 
sea-currents dead shells are heape<l uj) in more sheltered parts at depths of 2.0 to 30 fathoma 
as a kind of ** recent Crag," wry similar in general character to the rlepoHits of Suffolk and 
Norfolk. He thinks thewea in which the Coralline Crsg was deposited lay less o)H>n to the 
north than the present^ North Sea, and was thus open to the southern mollusks from the 
Meditemiieaii basin.- 
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tfat Urgett porceoUge of extinct and touthern forms, while the proportion of recent and 
northern shells progressively increases northward among the later stages. These 
generalisations are embodied in the following subdivisions.^ At the bottom lies (a) the 
Walton Crag, found only in Essex and distinguished by the marked southern as[iect 
of its fauna, and es))eciaUy the abundance of Neptunea {Chrysodoimis) eontraria. About 
820 species of shells have been obtained from this deposit, of which the most char- 
acteristic are chiefly extinct or southern forms. They include Cyprasa {Trivia) 
avellanOf VoltUa {Anrinia) Lambarti^ Nattm labiosa, Pleurotoma mitrula, Turrittlla 
incroiBola, Natica hemiclaiuM, Trochm {Qibbula) cimrvideSi Cardita corbia and Aatarie 
obliquata. The northern or recent species, which become more or less common in the 
later stages of the Red Crag, are absent or rare at Walton. (&) Oakley Crag or zone 
of Maetra (Spiaula) obtrimeata, found inland from W%Iton, and recently shown by Mr. 
Harmer to contain an abundant fauna (upwards of 850 species and varieties) inter- 
mediate in age between the Walton and higher parts of the Red Crag. While these 
fossils still show a number of Coralline Crag and southern forms, they include a distinct 
assemblage of northern shells, such as Trophm scalarifonnis, T barvicenm, T. Sarsii, 
T. iilandicua, Trochna {Catlioatorna) formonia, NtUica claiiaa, Seala yreenlaTuiiea, 
Afaetra {Spiaula) obtruiieata, Tellina {Maeotna) obliqua, Aatarte eiyinpreaaa and Modiola 
modiolua. {c) Newboum Crag or zone of ifeutra {Spiaula) r<ynatricta. This zone, 
developed in Suffolk on the opposite or northern side of the River Stour, is char- 
acterised by the scarcity of some of the extinct or southern forms found on the Essex 
side of the estuary, such as Columbtlla auktUa, Nassa eleyaus, Natica eatenoidea, 
Troehus {Oibbula) Adanaoni, and Numda laevigata. On the other hand, it conUins 
Oardium anguatatum, Jfaetra {Spiaula) eonstricta, M. {Spiaula) oralia, Tellina {Macoma) 
obliqua, T. praatenuia (the Tcllinaa being a distinguishing feature), also Nucula Cobboldiae, 
Purpura tapHlua, Seala groiulatuliea, Admctc viridiila, Modiola modiolus, Aatarte 
compreaaa, Ac, {d) The Butley Crag or zone of Oardium grasnlandieuin, lies still farther 
north, and is marked by a further diminution of southern and a corresponding increase 
of northern types. The sjieciea Tellina {Macoma) obliqua, T. {Macmia) praitcnuiay 
Mactra {Spiaula) cmialrieta and Oardmm aixquaUUum together form a large part of the 
deposit. The northern forms Tritmofuaua alltia, Burcinum groenlandicum, Natica 
pallida {^qrwnlaixdka) and Oardium j/ramfanrficum have been’ observed by Mr. Harmer 
4 to be more abumlant here than in the older divisions. 

The inorganic constituents of the Red Crag have been studied by Mr. J. Lomas. The 
pebbles consist chiefly of flints, but partly also of quartzite, sandstone, chert, and phos- 
phatio nodules. The sands have been found to be made up mainly of quartz-giains, but 
to include also, like so many clastic sediments, derivative crystals or grains of zii-con, 
rutile, kyanite, andalusite, corundum, garnets, ilmenite, leucoxene, tourmaline, biotite] 
muscovite, glauconite, microoline, orthoclase, labradorite, and albite.* It should be 
added that, besides the predominant marine fauna, a few land and fresh-water mollusks 
have been met with in the Red Crag, including Pyramiduln m/sn, Helix {Hygrmnia) 
kiapida, Limnaea paluatris, Fiviparua media, Planorbia margimlua, Pupa muaeorum, 
Succinea putria, and Corhieula Jluminalia.* 

Norwich Crag (Fluvio-marine or Mammaliferous Crag, Iceman of F. W. Harmer), 
extending over an area 40 miles long by 20 broad through the counties of Suffolk and 
Norfolk, is marked by a fauna which differs more from that of the Red Crag as a 
whole thi(i the faunas of the several divisions of the letter do from each other.* 


> See Mr. Hermer’e paper, 4?. J. O, S. Ivi. p. 706, from which this information is given. 

* Q. /. (/. 8. IvL (1900), p. 738. See onto, pp. 178, 179. 

’ For a fhll account of the land and freeb-wator mollusks of Ijogland, see A. S. Kennard 
and B, B. Woodward, Proc. Malacolog. Soc. iii. (1899), p. 187, iv. (1*01), p. 183. 

* Harmer, op. eit. p. 721. 
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The extinct end soutliern shells ers now reduoed to t smell number of species, which ere 
of rere occnrrenee in the deposit, the numerous forms tlj^t hed surrired through the 
time of the Red Creg hsving been extermineted hy the googrephioel chenges end the 
increesing cold thet eccompeiiied them. On the other heiid, e number of northern 
forms not found in the Red Crag now meke their ep}ieerence, particularly Trofkcm 
Gunneri, T. {Bu«inafii$u3i) bemicunsis, Fdutina undeUa^ Buniorgarita grtm/amfiea, 
Bhijnckondla (JJemithyris) paiUacta, ynfutana p^mula, AttarU dliptica end A, 
borealis. With the fall in temperature there would seem to have been likewise e 
decrease in the variety of the marine fauna, if we may jndge from the fact that the 
Norwich Crag has not yielded more than some 160 species in all, many of which ere 
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ti, A<(Urt<> borntliH Cheiiiti. (ItvitiK northern ; h, AHtarU* Oiimlil, IjiJ* (p*tlni'l) ; r, Nucula 

OibUildifr, Sow. (••xllDct) : d, CongcriH Hiibglobom, Partwh. (•>xUnct) ()). 

exceasively rare and most of the more abundant being common British forms. Of the 
most fre<}ueut shells three- fourths are recent and two> thirds ere familiar denizens of the 
North See at the pr^nt day. Besides the predominant marine mollusks, the deposit 
has yielded thirty species of land and fresh -water shells, of which only three are 
extinct These shells, like those of the Red Crag, have doubtless been washed off the 
land and earned out to the adjacent shell -banks on the sea floor. T^e name of 
** Mammaliferous ” was given to the deposit from the large number of bones, chiefly of 
extinct species of elephant, obtained from it. The mammalian remains comprise ^th 
land and marine forms. Of the former are LtUra ReeveU Oazdla anglica^ Certm 
camutorum, Equus ttenonis. Mastodon arvemtnsis, El^duu aidiquu*^ Mierotus (Atvicola) 
iniermedius, TrogmUh^um Cuvisri. The marine mammals inolode TrickuKus 
Hwtleyi and Delfl^us delphis. A few remains -of sea^fishes have also been fonnd, 
■nch as the ood and pollack. 
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• The wpper part of the Red Crag uometimes paeaes into a band, called from ita pie- 
Tailing mollaHk the “ Scrobicnlaria Crag." This band, which is probably u continuation 
of the Norwich Crag of Norfolk, is seen at Chillesford, in Suffolk, to pass upw-ard with- 
out a break into the Chillesford Crag.' 

Chillesford Crag. -Under this name is grouj^ed a local series of micaceous sands 
with an overlying estuarine clay, containing as characteristic fossils Titrritdla communis, 
Noiicn catcnn, Yoldin ohlongoidcH, V. lanceolafa, NucoUi Colholdisc, N, tenuis, Cardium 
edule, C. (pwntandiaim, Madra (Spisula) omlis, Tcllitia (Macoma) ealcarca (=:lata), 
T. obligm, Mya tmncnia. The last-named shell may be seen upright in the position in 
which it lived.* Northern forms ore still more prominent here, while a number of the 
common Red Crag forms have disappeared. 

Weybourn Crag. —At Chillesford the Chillesford Crag passes insensibly upwainls 
into a hne micareous loam or clay containing a few' shells and hsh-vcrtebne. Among 
the shells of this deposit are Buceinum undatum, Pnrjnira lapilluH, Astarte cmnpressa. 
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a. Seals pm-ulandies, rhenni. ;/», Vo1ut»(Aiuium) lAinlM-iti. Sow. c, Noptujiea ((‘lirj '• ckIoiiihh) 
.inti«|ua, l.iiiM. (A>. 

Cyprina is/audivn, Lucina horalis. Xui'uta CulMdur, X. truuh, TJliua {Mncoma) 
obliqua, (Jaidium gmidaruiiniuK Traced northwaiils the Chillesford Claj* appears to 
pass into tlie deposit known as the Weyliourn Crag, which is a hand of laminated green 
and blue clays with loamy sand full of marine .shells, well seen along the Norfolk 
coast to the west of Cromer. This niemher of tlie series ha.s yielded 53 8|iecie8 ond 
markcil varieties of marine shells {Trlliua {Macomn) balthica, sjiecially abundant, 
Sa^'icavti airtica-, Xuntfa Vobboldia', Myii arnmna, M. tnmeata. Cijpnna isUmdica, 
Astatic compressa, A. sulcata, A. boreafis, Turritdla communis, Ncptmiea {Chrysodonius, 
Trophon) antiqua, Vnrpura. lapUhm, Bela {Plcurotoma) tinricula, Littorina liUocca, 
Buednum undafum, kc.), of wliich live, or 10'6 |tcr cent, arc extinct, and nine species 
ara Arctic forms. 

Forest-bed Group.* — One of the most familiar inemliers of the English Pliocene 


' C. op. fit. p. 100. For an account of the vertebrate fauna of the.se deposits see 
E, T. Newton's monographs on '^The Vertebrata of the Forest Betl Series of Norfolk and 
Suffolk " (1882) and “Tlie Vertebrata of the Pliocene Deposits of Britain,” in Mem. <feot. 
Surt'. 

• Harmer, op, cit. p. 723. 

* On this group see Lyell Mag. 3nl ser. xvi. (1840), j'- 246, and his ‘ Antiquity 
of Man.' Prvstwioh, t^uart. Joncu. Geof. S(h\ xxvii. (1871), pp. 325, 462*; aeologisi, iv. (1861), 
p, 68. .Tohn Gunn, ‘ Geology of Norfolk,’ 1864. C. Reid, Oeol. Mag. (2) vol. iv. (1877), 
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itriM it tbftt to which the mine of the ** Cromor Fomt>bed *' hat been given. It oociui 
Nkttemth the cliffs of boalder-cUy on the Norfolk ooost, and was formerly believed to mark 
in old land-aurface, with the atuinpe of trees tn aiiu. More carefnl study, however, hat 
ihown that the stumps have all been tran8])orted to their present position, and lie not on 
in old soil, but in an estuarine deposit. )ierha|ia that of the Hhine, which then 8]»read over 
,he low land that now forms the shallow southern half of the North Sea. It ia now agreed 
.hat the group of strata known as the Forest-bed series may lie divided into three groups, 
in upper and lower fresh-water Iwd sejjaratHl by an estnarinp layer. The general 
diaracter of the strata coinpriseil in this tnentlier of the Pliocene series is shown in the 
lubjoineil table - 


1 



I 

u 


Yvidia (Lnla) myalis Be<l (p. 1288). 

^rpper frenh-water Bed, consisting of sand mixed with blue clay (2-7 and 
enclosing twigs and shells {Sttrcinni putris, i^ph/trium (Cyr/as) nmuruvi, 
Valvoia pisrina-lia, Hithinut ttniacuiata, atnmeum^ Aic,). 

Forest-bttd (estnaniie), t-oniposed of laminated day and lignite, alternating 
I gravels and sands with [lebbles, cakes of |Nuit, branches ami stumps of treea, 
I and mammalian bones, &o. (ranging np to more than 20 feet in tbickneas). 

I lyiwer Fresh-water Bed, ma«le up of carbonacoouH, green, clayey silt hill of 
seeds, with laminated lignite and loam. 

Weytwurn (’rag. 


The vegetation preserved in this group of strata embraces at least .^6 s|*ecies of flower- 
ing plants, two of wbich, the water < liestimt and spruce Hr, do notHp]>ear to have belonged 
to the British flora .since the Glacial period ; the others are nearly all fctill living in 
Norfolk. The royal fern (Ostnunda rrgulit) formed {tart of this pre-glacial vegetation. 
The variety of forest-trees [xiints to a mild and moist climate ; they include the maple, 
sloe, hawtiiorn, cornel, elm, birch, alder, horiilKuim, hazel, oak, beech, willow, yew, pine, 
and spruce. The land and fresh-water shells ntiinlMT f>8 sjH'cics, whert'of live ap])ear to lie 
extinct (Xinw./' modioli/oriuM, ynnatura {NftfuUurdJa) runionv/wt, VivtparuH glacialUs 
K metlia, Fisidium iistnrtoides) and five no longer live in Britain (including Jkthywlla 
(Ifydrobia) SfHnii, yalvala fluvialilu^ Carbicvla Jtuminntvt). The known marine sheila in 
the Forest-bed scries arc so few in number (19 species) that they do not afford a satisfactory 
liasis for comparison with othei {tarts of the Pliocene formations. Some of them may 
have been washed out of the Weybourn (>Vag below, and they are all common Weybourii 
Crag fossils, includiug several extinct 8|)c<’ios {Mdampua pifrnmvhdis, TdUna {Maforna) 
obliqua, NucxUa Cobltoldim). They indicate that the climate of the time when they lived 
w’as proltably not greatly different from that of the present day. Fourt'en sjtecies of fishes 
have been recognised {]*UUnx lYotultrardx, 4<h1, and tunny among marine forms, also 
perch, pike, barlsd, tench, and sturgeon among fluviatib: kimls). Tin* fauna also in- 
cludes two re{itiles [TrojndonotvJt naj-lrifi, I'ijtfra btriut), four ainpliiliians (flogs and 
tritons), five binls (eagle-owl, cormorant, wild goose, wild duek. shove ller duek), and, 
fifty-nine niaminals. These last-named fossils give the Foie'-t bcd its < bief geoiogicjil 
interest. They include a few marine form.s seals, m hales, wall us, and a luige and 
varied assemblage of terrestrial ami river-haunting forms, such as carnivores- Machm- 
rodus, Canu lupus, C. ruljm, Jlyatiui crociito, Ursus Hpdxvn, MusUla marfri, Hulu 
luscus, Lutra vulgaris; ungulates — Bison Ixmusus, Ovibos r/ioscAo/us, Jins lati/roxis, 
Germs elaphus (and nine other species), Hippoptilamus amphibius, Hus srro/a, JSquus 
caballus, E. Slenonis, Ehinoerros etrusrus, EU^thas antiquus, E. nuridionalis ■ rodents — 
Microtus (Arvieola) arvtUis, Mvs sylvalkus. Castor fihn', Trogontkerium tiivieri ; In- 
•ectivorea— ra/jM> euro^sa, Sorer vulgaris, S. pygmmus, Myogale moschata. The contra# 
between this strange collection of animals and the familiar aspect of the plaoUi 


p. 800 ; vlL (1880), p. 54^; “ Geology of the Cknintry around Cromer," in Ment. fieol. Sun. 
1882 ; PUooene I>e]«eits of Britain,’’ in Mem. Gnl. Svrr. 1890 ; « The Origin of the British 
Flora,’ 1899 ; and E. T. Newton’s monographs cited in a foregoing note. 
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aasoci&ted with them wae long ago remarked by Lyell^ The most abundant and con- 
spicuous forms are the three species of ele]>l)ant, while the hippopotamus and rhinoceros 
are of common occurrence. Of the two horses one is extinct, the bison and wild boar 
have survived elsewhere, while the whole of the remarkably numerous species of deer 
have disappeared, with the single exception of the red-deer, which would doubtless have 
likewise l)een exterminated long ago had it not been protected for pur{>oac3 of sport. 
The carnivores embraced also living and extinct forms, for the long-vanished machserodus 
haunted the same region with our still surviving fox, otter, and marten, and with other 
animals which, like the hytena, wolf, and glutton, though no longer found in Britain, 
continue to live elsewhere. The total sj^eeies of land mammals (exclusive of bats) 
found in the Foiest-hed is 45, while the corresjmnding series of the living British fauna 
numbers only 29 species. Of the 30 large laud mammals found in this deposit, only three 
are now living in Britain, or have died out there within the historic period, and only 
six si»ecie8 have survived in any part of the world. 

The Oomcr Forest-bed is succeeded on the Norfolk coast by some sands and gravels 
of which the true position in the series of formations has not yet been definitely fixed. 
They inclmle two distinct members, though their [necise relations to the Crag below and 
the glacial inateriids above are still not satisfactorily settled. Tiie lower band is known 
as the YoUliti [Lcda) viyalis bed, and the upper as the Arctic fresh-water bed. The 
former may be provisionally placed with the rest of the Pliocene formations of Norfolk. 
The latter can liardly he separated from it, and would not be so separated but for the 
remarkable character of its few included fossils. These indicate .such a great increase 
of cold as to show that the conditions of the Glacial period must now have set in. 
Hence the Arctic fresh water bed is ola-ssed with the Pleistocene series. 

Yoldia (Leda) my alia Bed. --This band, nowhere more than 20 feet in thickness, 
consists of false-beddcil loamy sand, loam or clay, and a little gravel, and lies .some- 
times on tho Forest-bed, sometimes on the Weybourn Crag. This unconformability 
may mark a considerable interval of time, during which the floor of the estuary 
teems to h.-rvo subsided, perhajis as much as fifty feet. Among the scanty organisms 
of the deposit, the following may be mentioned : Huccinvm nmlaiim, LUlorxna 
littnrea, L. nid/.s, I^irptira lapillus, Neptuwa {Vlinfuoilomus, Trophon) antiquoj AstarU 
borealis^ Cardium eiluks Cyprina islandica, Yoldia {Leda) myalk, Mya truivcata, Myiihis 
cdulis, Oitrea edit/ts, Tellina {Macmna) balthiau Some of these shells (the Aitarle, 
Yoldia, and Mya) are found with the valves united in the position of life. The 
Yoldia is an Arctic sjHHiies not known in any of the underlying formations. 

Arctic Fresh-water Bed. — Keference may be made here to this deposit, which is 
so intimately linked with that last dcscriberl. It con.sists of stitf bine loam, clay, and 
sand, sometimes more than two feet thick, like the deposits of transient floods. Its 
plants include a number of mosses, with the dwarf Arctic birch and willow {Betula 
na«a and Salix polaris, Fig. 490)— a vegetation wherein trees seem to have as completely 
disappeared as in the Arctic lands. It may indicate a lowering of temperature by about 
20” Fahr.— “a difference ns great as between the south of England and the North Cape 
at the present day, and sufficient to allow the seas to be blocked with ice during the 
winter, and to allow glaciers to form in the hilly districts." Among the plants a few 
land-shells have been found, such as Succhua jnUris, S. oblonga, Pupa mMscomm, to- 
gether with some wing-cases of beetles. 

Variout pebble-gravels occur in different parts of southern England, the true strati- 

C aphical position of which is still undetermined. They are generally unfossiliferous. 
ime parts of them may be Pliocene. In the south-west, at Dewlish in Dorset, a 

* ‘ Antiquity of Man,’ 1st edit (186SX p. 216. See also C. Reid, * Pliocene Deposits of 
Britain,’ p. 182. 

* C. Reid, •PUocene De^xMits of Britain.’ 

» 0. w. eit o. 198. 
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lopoait of «uid and gravel Kaa yialdod a nnmbar of elephant bones and teeth referred to 
EUphaa and pointing to an Upper Pliocene age. 

Balginm and Holland.— The sea in vhich the English Pliocene deiMMite were laid 
jown probably extended across Belgium, Holland, and the extreme north of Frant^ 
but no tiace of its presence has yet been found eastwards in Oemiany. In Belgium the 
base of the Pliobeiie is found to rest with a strong uneonforniahility on all older 
de|>osita, even on the Miocene sands (Bolderian and Anvcrsian). The ohler Pliocene 
group consists chiefly of sand, and has been named Diestian from the locality where it 
is typically develojied. At Antwerp, Utrecht, and other placea it has yieldwl a large 
assemblage of fossils (190 specie.^), all of which save 2‘2 occur in the English Cor- 
alline Crag and Lcnham l>eds. This horizon may be ]>aralielcd with the Plaisancian 
group of southern France and Italy. Above the Dicstian sands comes the group known 
as Scaldesian,' which is likewise made up mainly of sands enclosing a fauna closely 
resembling that of the lower part of the Kiighsh Rod Crag (Walton Crag).* After those 
manno sands were a(‘cuinul.it(‘d, the Belgian area apis'sis to have jiarticipstcil in the 
upward movement tliat affected the i>touth-eaat of England ; at all events the overlying 
meinljcrs of the English Crag are not found in that region. But fartlier north the 
terrestrial inoveineiit was in a contrary direction, the aea-hottoni sank during Pliocene 
anti Plcistoi fue tunc, until many hundreds of feet of sedimentary dejiositH were laid 
down over the site of Holland. This succession of events has been made clear by a 
Belies of deep hoiings in that country. At irtrecht the strata were pierced to a tlepth 
of 1198 feel witliout roaoliing the ha^* of the Pliocene deposits. There appears to las a 
general inclination and a progressive thickening of the strata in a northerly direction, 
so that a lioiizon of land and fresh -water shells, which at Utrecht lies between 521 and 
542 feet below the surfaie, was formeil farthei north, at Amsterdam, at about 708 feet. 
According to Mr. Ilariiicr, the greater jiaitof these Uubdi Pliocene deposits arc newer 
than the Belgian Scaldesian stage. From the fossils obtained at the ililfereiit Ixirings 
he has advocated the recognition of another formation or group of New'cr Pliocene 
strata lying upon, and jiasslng down into the ScaldesUn, hut scjKirahlo from that 
djvi.sion by its smaller proportion (30 ]»er cent) of extinct shells, its decrease in the 
nuinher of southern forms (b'8 j>cr cent* ami its inerease in noithern sj^ecies (13’7 per 
cent). For this formation, which is 202 fei-t thick at Utrecht and more than 460 feet 
at Amsterdam, he has jiroposed the name i*f “ Amstclian,” Its shells are among the 
most abundant and characteri.stic sjM-cies of the upper hoiizons of the English Crag.* 
Towanis its upjx-r limit, heneatli the overlying Pleistocene accunmhitions, it contains 
land and fresh-water shells, which ]»rol*ahlv indicate that subsidence had been arrested, 
and that the sea over Holland, like that ovei ICast Anglin, gradually shallowml and 
gave place to the sneient estuary of the Rhine. None of the latest Pliocene siibli visions 
have been met with in Holland or in Belgium. In the latter country various deiKisits, 
of which the precise horizons have not lieeii determined, have yielded a large nunilier of 
bones of marine mammalia, including seals, dolphins, aud numerous cetaceans, as well 
as remains of fishes {Carcharodon^ Lamna^ Oxyrhina, Ac.). 

Franof.— In the north of this country, uiifossiliferous sands which cap the hills 
between Boulogne and Calais at heights of 400 or 500 feet, and stretch eastwards into 
French Flanders, are believed to be continuations of the Umham and Diestian group. 
In the north-west, many larger scattered patches of Pliocene dejiosits are widely 
distributed over Brittany and the adjacent districts. They include marine ^arls, clays, 

* The upper part of this stage has been separated by M. Vincent as a slightly newer 
zone, uamed “ Poeilerlian." 

* For a comparison of the faunas of the two formations see F. W. llarmer, Q. J. U. S. 
Hi. (1896X p. 756. He^nds that 90 species which are abundant in the Walton Crag, 
biclading 28 extinct, 09 aontfaem and 2 northern, are also abundant in the Belgian beds. 

* Op. eit. p. 763. 
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and sandi, with NaaMfritinaiica, N. uMAtAUit^ VokOa {Aurinia) Lambeiiit TenlmU%la 
granditt and show a robmergence of the lower grounds to the extent of more than 100 feet 
Similar evidence of submergence under the Pliocene sea is found along the borders of 
the Oolfe du Lion and the Mediterranean coast farther east. The deposits then formed 
lie unconformably on every scries older than themselves, and bear witness to a subseciuent 
elevation of that region to an extent, in so)ne places, of 1150 feet above the present sca- 
le vel. The marine strata extend up the valley of the Rhone, nearly as far as Lyons, 
and they inavk tiie final deposits of the sea in that part of the mainland of Europe. 
They cap the plateaux and rise towards the north and west, indicating a maximum of 
uplift in that direction. Their upi)cr parts contain lacustrine and terrestrial organisms, 
and siniilar evidence of land is found on their borders near what was probably the old 
shore-line. The marls of Hauterives (formerly regarded as Miocene) are remarkable for 
their beds of coarse conglomerate, which represent some of the torrential deposits swept 
down from the neighbouring hills. These marls contain land and fresh-water shells. 
Farther east, in the Alpcs Maritimes, the Pliocene series assumes a more definitely marine 
character. At the base lies a thick mass of bl\ie clays, well seen at many places along 
the coast of the French Riviera. These strata contain Ostrea cochlear, PecUn cristatus, 
Area {Anadara) dilnvii, Naasa. semvUriata, Conus anletliluvianus, Terebraiula ampulla, 
Ac. Above them lie some yellow clays with similar fossils, followed by a limestone 
with foraminifers, oysters, and other marine organisms, over which comes a thick con- 
glomerate marking the coarse alluvium of torrents from the neighbouring hills. At 
the top the usual iiulications of fresh-water dejmsits are seen. 

In the centre of the country the Pliocene formations are all of subaerial, lacustrine, 
or iluviatile origin, and have preserved an interesting and varied record of the 
terrestrial plant and animal life of the time. In the volcanic districts they are found 
beneatii some of the younger lavas, and have thus Ih*ci» piotcctcd from the denudation 
which has so largely removed the contemporaneous records elsewhere. The trachytic 
conglomerate of Perrier (Issoire) and the ossiferous dejwsits of other localities in 
Auvergne have yielded an abundant fauna, in which the ajass arc absent, the antelopes 
have dwindled in size and number, the deer have grown very abundant, true elephants 
for the first time ap[)Ciir, associated with a sis^cies of hip}K)[xitamus, nearly if not quite 
identical witfi the living African one, two kinds of liywna, and the hipparion and 
ma<’haTodu8 that hud survived from earlier limes. This fauna indicates a decided 
change of climate to a more tcinperutc character. Among the volcanic products of 
Haute lioire remains of Mastodon, arvernnisis, lihinoceros lcptor/u‘nu<<, fJquvs stenonia, 
and Moi hssrmlns pliocn nus have been collected. 

Putting together the evidenoe devivahle from the succession of mammalian remains 
ill the scat tned Pliocene fresh-water and terrestrial deposits of France, pala'ontologists 
have gi-ouiMHl these accumulations in the following order : 

Upper (AnniHinu, tiiciUan). Arranged in what apj)ears to be the descending order, 
the newest deposits belonging to this stage are those of Hainzelles (Puy), rather 
earlier than which c«)ine the famous gravels of Perrier. Still older are the upj)ev 
parts of the liuvio lacustrine beds of MontjHillier, the upper jiortion of the 
volcanic group of Coupet, the deitosils of Vinlette (near Le Puy), the Huviatile 
clays and sands of Chagny (Sa6ne), and the Mastodon sands of Le Puy. 

In this stage Hipparion disappears and is replaced by JCquoH gtenouis, 
Rhinoceros etiuscns succeeds ft. leptorhinus. The proboscidea are represented’ 
by, the last of the European mastodons, M. atremensis and M. fmsoni. JClephas 
meridioneUis, the great southern elepliant and precursor of the maninioth, is 
found in the valley of the Sadne and ranges into Italy, it is in the Val d'Amo 
that the mammalian fauna of this stage is most typically displayed (p. 1293). 

Middle (Astian). Here come the grey, sHiceous, fiuvio-lacustrine samls of Rous- 

f ' ' ' 

* See especially H, F. Oahom, *4iia. AVw York Acad, Sd, xill. (1900), p. 30, froa 
which this sommary is taken. 
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•Qkku^ (26 metm), oontaiBtag « Dmia Uk« UiAt of th« lfontpeUi«r d^potlu, of 
whicli the lower p^on, cou^ioK of yellow meHne Mui(t*(60 Pietrw), U piftcod 
in this stage. Here also are grou}^ the Anviaiile deposits of IN^rpignau, the 
calcareous taff of Meximieux (with its ahandaiit flora presenting lesemblauces to 
those of the Canary Islands and Mongolia), an«l the sands pf Tn^vuux (SaAne), 
containing Viriparut, sMelanopnis, I*a/Monfr, RhiHocrrus IqttorfihiuH^ MagUnUm 
ttrvtmenm. 

Ill this stage characteriNtir speries not found at llketini are the llhinoi’crus 
and Masto<lou just named, together with Taptrvg orrmiriung ami f Vans anrr- 
nensis. Forms having afliiiitieK to some of those found in the Messinian or 
Pikermi deixwith are Hippurion, PulHorux and Uy^-mrclvg^ the Awiatic ajwn 
DotirhopUhgcus and SetnaopUhfcux ; the African antelopes, Pri/aoryr conitrri 
and I*. lnHxlon. 

Lower. Tlie terrestrial mammals of the PlaiKaiiciaii stage are best displayed in the 
lignites of Casino (Tuscany), when* are found UipfarioHy Sug frytmnthivg, 
Antilojif Mamnii, Tuptt'u* priscux, SftnnopUhmig Wimsfttiuiulunn.i and other 
forms. Tlie Pikermi <le{iosits clash’d by some writers as Miocene are by others 
placed at the base of the Pliocene series (MtHsiiiisn) (p. 1294). With them may 
be clasHCtl the ossiferous breccias of Mont Leberon and Cucunm (Vanclnsc), and 
the KppeNlieim gravels near Damistaflt. 

In this stage distinctive manimalian ty|»es are PttohyhMieg (KppelKheim), 
liyxiri.r ( Pikermi), /Vi‘/)/ivr«.c(S.imos), Hippmon gntnle. Acrntthmum ittcifirtm 
of Kpindshidni succeeds J. itlrtuiadj/lum of Saiisun : Hlniutrenig SrJtfrttrmu'hm 
may In* a large successor of tl. sanmtniruxtH : It. fit*ftl/ussi (KpiMdsheim) a 
successor of K. ftradiypvs (drive St. Alban). Ihmttherrvtit qignntrum replaces 
It. harorinmi. The inammaUa show a marked evolution lieyond the Upper 
Mioc'ene tyiies. 

Italy the Pliocene .seiies is timeil ea.stwaids into Italy its ludistriiie iiitercala* 
tioiis disapjs-ar and it l»ocotiies mainly a marine formation, which is so ain|dy developed 
there that it might he taken as ty}ncal for the rest of Eurojte, Along lioth aides of the 
chain of the Apennines it forms a range of low* hills, and has Ik^cii named from that 
circumstance the ^‘suh-A|)eunine aeries” In the Ligurian region, according to C. 
Mayer, it consisU of the following groups in ascending order : 1, Meshinian^ (-/.andean 
of Seguenza), coinp<ised of (a) marls, conglomerates (the torrential di^hris of the streams 
from the a(\jacent monnUins), ainl iiiolasse (6.*) feet^, with i’erUhium ptdim, C. 
rvMgiimum, Vemu* vivltilanu'lla, Pedry crisUUug, Turritd/a ofvmnnis, T. gnbangulata , 
{b) gypsiferous marls, limestones, dolomites (320 feet, Congeria gioup), truceahle slong 
the range of the A^iennines as far as dirgenti in Sicily hy ita well-known gypsum and 
sulphur zone, and containing Turntdla sufmpgu/aftt, Nafira hdiciiui. PIryrytoma 
dimblifUfi, Congerio simpft'x, V. rodrijonuix, Kc. ; (c) gravels and yellow marls, with 
beds of lignite (upwards of 300 feet). To the Messiiiian group Indong the eongloinerates, 
triiKili dejKwits (with land plants, iusei ts, fishes, &c.) of Leghorn, and the lacustrine 
deiKisits with land-plants (palms, Ac.) of Pavia and of Sinigaglia on tlie Adriatii-. 2, 
Astian, composed, at the foot of the Ligurian A|s nnincK, ol two groups, {a} hluo uiaila 
with Ikntalium scjangnlure, TurritrUn conimving, T. turnala^ Mtfrej: tnninUvg, Mafica 
milUpundala^ Ac. ; (6) yellow sands with few fossils (300 feet and more).® Moie 
recently Professor Sacco has estimate^l the whole aeries in the central portion of tlie 
northern A{iennines to have a thickness of nearly IMiO feet, which he groufm as in the 
subjoined table : 


* 8e«C. Deperet, Any, Sci. 1885; “Isth Animanx Plioci-nesdn Roiissdlbn,” Mfvi. 
Soe^ (Jiol. France, 1890. 

* This stage is by some authors placed at the top of the Miocene series (Pontian 
stage). On the Italian Pliocene see the pa|ier by C. I>e Stefani citeil p. 1271. 

» C. Mayer, A S. (i. ^ (3), v. 292. 

* F. Sacco, *11 Bacitto Terziario del Piemonte, ’ Milan, 1889. See also De Htefani, 
AUi. See, To$c. Sci. AVf. 1876-84. 
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Villafranchiaii 
(100 metrei). 

Astiaii 

(100 luetren). 

Plaisaiiciau 
(150 metres). 


Mesainian 
(100 metres). 


rFluviO'lactutrlne alluvial lands, maria, clays, and conglomerates, 
with shells indicating a warm, moist climate, Rhinoeerot 
( etruscut, JUastodon areernentig, Ac. 

/Yellow sands and gravels, rich in littoral, marine or estuarine 
\ fossils. 

f Marls and sandy clays with abundant marine fossils, from one- 
i tliird to one-half of the shells belonging to living species. 
'Handy and clayey marls with seams of gypsum and limestone 
marking alternations of brackish-water and marine conditions. 
The shells include species of Dreiaaensiaf Adacna^ Oyrena, 
MeUiniat Melanopais, Hydrobia, &c. Some of 
the marls are full of leaves (Thuja, Phragmites, ifyriea, 
{^ttfcus, Cnstanea, Fagus, Ulnim, Ficua, Liquidambar, 

^ fjiHnis, HassafrvH, Cinnamomum, Rhamnus, &c.). 


At Rome the younger Pliocene series is well seen, having at its base a blue 
pterojwd marl containing Pt^cteii rimulusug, P. eristatus, Nassa mnigtriatd, J)entalium 
elephatUinum, Ac., sneoeeded by yellow sands (Astian of Monte Mario), with Feden 
latimmus, }\ ftabeMi/onnia, 1\ jticohmia, Cardium nisticniu, Anemia ephippiu7n, 
Cyprina ialaiulica. Higher still come sands, gravels, and lacustrine clays, containing 
Elephaa meridimuilia or antiqnna. Rhinoceros megarhinus, Jfippopotamua major, 
Equua steii07iu, Sua acrofu, Cervm elaphus, Boa primigenius, wolf, fox, brown bear, 
hyeena, lion, lynx, wihl cat, Ac. Ati interesting feature of these dej» 08 its is presented 
by the evidence of eontem)ioraneous and increasingly vigoroiw volcanic action which 
they display. The blue clay at the base was jirobably laid down in a sea of some little 
depth, but it was followeil by sandy and gravelly detritus and by layers of volcanic 
tutf, all of which were accumulated in shallower water still connected with the sea, as is 


shown by the occurrence of abundant shells of Pecinnenlua, ko. Among the clastic 
sediments volcanic minerals, particularly augitc and Icucite, are abundant, and the tuffs 
are full of lumps <»f dark pumice an<l lapilli. Subsequent brackish -water conditions 
are indicated by the enclosed shells, and in the uj^hm' parts of the series land and fresh- 
water 8{)ocios show that the sea-floor had now been raised into lajid. Thus, like 
Vesuvius, Etna, and Bolsena. the Latian volcanoes began with submarine eruptions, 
and gradually built up their structure on ati upraised sea- floor of volcanic material.^ 

In Sicily a similar threefold grouping has been made by Seguenza, who has traced 
the same arrangement throughout a large part of the mainland. The lowest group, 
named by him Zanclean, consists of marls and light-colonre<i limestones. The 
Plaisancian follows in a group of blue clays or marls, while the succeedjng Astian con- 
sista of yellow sands. Of these stages the first is characterised by a fauna of w'hich 
nearly l>eculiar speies, and only 85 out of 504 species, or about 17 per cent, 

belong to living forms which are nearly all found in the Mediterranean. Some of the 
common s^HMues of the deposit are Terebrntulina caput- acrjKHtia, lihynckaiiclla bipartita, 
Dentalinni triqudruiu, P(d&ti(Janira)flaUllifonnis, Lmwpaia aurUa, Nucnlana dUatata, 
N. striata, Moiiiola phaafoHm. Tropical genera are well represented among the shells of 
the Italian older Pliocene beds, while some of the still living Mediterranean genera occur 
there more abundantly, or in larger forms than on the present sea-bottom. The newer 
Pliocene deposits attain in Sicily a thickness of 2000 feet or more, rising to a height of 
nearly 4000 feet above the present sea-level, and covering nearly half of the island. To 
this series, though jwssibly it should be regarded as, at least in part, Pleistocene, is 
sssignedca yellowish limestone, sometimes remarkably massive and compact, and 700 or 
800 feet thick, yet full of living species of Mediterranean shells, some of which even 

' The latest aud fullest account of the geol(^y of the Roman Campagua and of Its 
abundant younger Pliocene fauna will be found in Prefessor A. Portis’ * Contribuzionl alia 
Storia Fisica del Bacino dl Roma,’ vol. i. (1898X voL ii. (189^), Part vi. in BoU. Soc. OsoL 
Hal, xix. (1900X Faso. 1- The volcanic geology of the northern A|iennines is discussed by 


C. Be Stefani, BolL Soe. (ieoL ItaL x. (1891X pp- 449-555. 
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nttin their ooloar, end a pert of their enimel matter. As abore remarked, it \raa 
daring the accumulation of the Pliocene atrata that the later volcanic history of Italy 
began, the first stages being submarine eruptions, which were followed by the piling-up 
of the present sub-aerial cones upon the upraised Pliocene sea bottoni. 

There is distinct evidence of a lowering of the cliiuate of Southern Kuro{>e during 
the deposition of the Italian Pliocene series. Not only did many of the distinctively 
southern types of shells gradually disappear from the Mediten-anean, but others of 
markedly northern character, such as species of ^siarU', took their place. The Italian 
Pliocene deposits, while chielly of marine origin, contain also among their higher mem- 
bers lacustrine or fluviatilc strata, in which remains of the terrestrial flora and fauna 
have been preserved. In the upjtcr |>art of the valley of the Arno an accumulation of 
lacustrine beds attains a depth of 750 feet. The older {Mtrtioii consists of blue clays 
and lignites, with the abundant vegetation aWe referretl to (p. 1275). The up|»er 200 
feet consist of sands and a conglomerate (‘‘sansino’*), and have yielde<i numerous 
remains of mammals, including Mnatdts JlornUinM, MoaUnion {Tetralophodon) 
arvenufiiis, Elephaa mtridimtiliay iUiimK* roa (truants. Hippopotamus amphibiua (major), 
Ifymna (3 ap.), Frlia (3 sp. ), Uraua druscua, Marharrodua (3 sp.), Equua aUnouia, Him 
ctruaeitH, Crrvtts (5 »p.), PaJiforyx, Palieoreaa, tVirfor, Hyatrir, Lrpua arvirola.* 
These strata arc sometiines gn»u|M<d as a higher zone of the Pliocene aeries under tlm 
name of Arnusian.^ 

Germany. —The aksence of marine Pliocene formationH in Germany has been already 
referred to. Among the lucmstrine and fluvialilo de|>OHits of the iwrioil, however, 
numerous remains of the terrestrial flora and fauna have l>een [ireserved. One of 
the most celebrated localitie.s for the discovery of these r<‘inainM lies in the Mainz basin, 
where at Eppelsheim, near Woi ms, aljove the Miwciie beds, described on p. 1268, a group 
of sands and gravels with lignite (Knochcnsaiid), from 20 to 30 feet thick, has yielded a 
considerable number of mammalian bones. Among these the Idnothcrium tjiganlfum 
occurs, showing the long survival of this animal in Central Kuru{i« ; also MnaUaion 
angnatidma, Bhinoerroa inciairua, and other sis'cies, Hippanon yractlr, several H|Mjcios 
of Sits, five or more of Carvtia, some of Felia, with Machaenriua and JtryopUhenta. 

Interesting collections of the terrestrial fauna of the {Mrioil have lieen prescrvinl in 
the calcareous tuffs of mineral spnngs in different parts of Germany. Besides numer- 
ous remains of laud-plants, large numbers of land and fresh-w’ater shells have lieim 
obtained from these de{K)sits, which iu some cases point to a colder climate than now 
exists. In the Franconian Alb, for instance, the occurrence of alpine and northern 
European forms of laud-shells {Patula solaria, Clauailia denaeatruda, C. floyrana, 
Halix virina. Pupa pagodula, lathmia coalulaia) has been noted. The mammals include 
many extinct as well as some still living forms (EUphaa antiquus, Ehinoceroa Merkii, 
Sua acro/a, Cervna elaphua, Capreolus eaprea. Boa primiyenius, Equua cabal lua, Vraua 
spclasua, Malta vulgaris, Hyasna apelaui),* 

VieniUL Basin.— -In consecutive conformable order above the Miocene strata described 
on p. 1268, come the highest Tertiary b«<ls of this area, referred to the Pliocene jieriwl. 
The lowest group of strata is known by the name of the “Congeria stage,’' from the 
abundance of the molluscan genus CtjT^/eria* (Fig. 485). Higher up comes the 

» C. J. Forsyth Major, q. J. ii. S. xli. (1886), p. 1. 

* Mr. C. Reid suggests that the lignite deposits of the Val d'A.'OO (with Tapirut) may 
be moch older than the rest of the lacustrine strata (with Mastodon and ElqAaa)* A large 
proportion of the plants in them is extinct, and the tapir U the only animal whose remains 
are found in them. They may possibly be even Miocene. 

* F. von Sandberger, 'Land und Sttsswasser Conchylien der Vorwelt’ 1876, p. 986 ^ 
aUA. Bayer. A had. xxiii. fl893) Heft 1 ; Hellmann, PalannlograpkKa, suppl 

* For an acconnt of tbu genus and its relation to Dreiaaettaia, consult P. Oppenbeimf 
Z. D. O. U. xliii. (1891), p. 923. 
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B«lvedere-8chotter or Thracian stage with, in some places, the laoostrine Levantine 
stage. The leading characters of theise gronps are expressed in the subjoined table 


2. Thracian Stage or Belvedere-Schottcr— coarse fluviatile conglomerate or 
gravel and sand composed of quartz and other pebbles, yielding bones of large 
niainmals, like those of Eppelsheim, Mustvdon {Tetrulophudm) longirwtris, 
and Uiiwthtriuui yiganteum lieing especially frequent, together with species of 
AnthriiajlhertHin, /Hppurion, and Hhinocents. The yellow micaceons sand, 
forming tlie lower member of the stage, contains in its more compact portions 
abundant terrestrial leaves, silicihed tree-trunks and shells of IJnio. These 
strata resemble part of the alluvia of a large river. Their name is taken from 
the Belveilere in Vienna, where they arc well developed. In some parts of the 
Vienna basin the Congeria stage is immediately overlain by fresh-water lime- 
stones with JldU and IHanorbin, winch have been called the Levantine 
stage. This lacustrine facies attains a much greater development in Croatia, 
Hlavonia, and Ron mania. 

1. Congeria Stage (Inzersdorf Tegel) — a tolerably pure day reaching a depth 
of oftc!» more than .'100 feet. This deiK)sit, the youngest Tertiary layer that is 
widely distiibnted over the Vienna basin, points to continued and general sub- 
mergciice. The facies of its fossils, however, shows that the water no longer 
communicated freely with the open sea, but, like the corresponding strata in 
the Mediterranean region, seems rather to have partaken of a brackish or 
Caspian character. Among the conspicuous mollusks are Vontjerui subgloboaa, 
i1, Partufhiy (J. tnanguiuris^ (J. HptdkuUUa, C. Czjzeki, Vardium eamnntinum, 

(A apertuvi, (\ conjuiujem, Unioutnms^ U. niorai'icm, Meiatwpsia martiniana, 

Af. imptrmi, M. nndi>tHmen>iis, M. UouH. The inainmaK include Mastodtni 
\Tdi'iduphmhn) lonyitoslriH, M, {TtUopfunlon) an'jusi Ultm^ Dinothfrium 
gigantenm, Acenitfu'nuM iiiciairum, Hipparim graeile, antelope, pig, 
MachHmUis cuUrulaut, JdUhrrium [llyn^na) hipjmrionum. The flora in- 
cludes, anumg other plants, conifers of tlie genera iibjphmtrubus, lieipwuu and 
Piiitfn, also species of birch, alder, oak, la-cch, chestnut, hornbeam, liquid- 
aiiibar, plane, willow, ^loplar, laurel, cinnamon, buckthorn, with the Asiatic 
genus Parivtia, the Anatraliaii proteaceous llakea (Kig. 478), and the extinct 
tamarind-hke Ptniogtmitnn, 

111 other parts of thu Austro-Hungarian empire interesting evidence exists of the 
gradual uprise of the sea-floor liuriiig later Tertiary time and the isolation of detached 
areas of sea, so that thu south-east of Kuro]>e must then liave presented some resem- 
b'ancu to the groat Aralo-Caspiaii depression of the present time. The Congeriaii stage 
brings Imfore us the picture of an isolated gulf gradually fresheuiug, like the modern 
Civspiun, by the in[M)iiriug of rivers ; but on both sides of the Carjtathian range there 
were bays nearly cut oflf from the main boily of water, and exiKxsed to so copious an 
evaporation without counterbalaiiciiig inflow that thuir salt was deposited over the 
bottom. Of the Transylvanian localitie.s, on the south side of the mouutaius, the most 
remarkable is Tarajd, where a mass of rock-salt lias been accumulated, having a 
maximum of 7550 feet in length, .557(1 feet in breadth, auu 590 feet in depth, and 
estimated to contain upwards of 10,595 millions of cubic feet. On the northern flank 
of the Car^iathian Mountains, near Cracow, lie the famous and extensive salt-works of 
Wieliczka, with their massive beds of pure and impure rock-salt, gyiisum, and anhydrite, 
some of the strata being full of fossils characteristic of tlie upjier zones of the Vienna 
basin. 

The south-east of Euro^io, during later Tertiary time, was the scene of abundant 
voloanic action, and the outpourings of trachyte, rhyolite, basalt, and tuff were especially 
abuudauC over the low districts to the south of the Carpathian chain. 

Qtmqo.— A remarkable series of mammalian remains brought to light from certain 
bard red clays alternatiug with gravels at Pikermi, between Athens and Marathon, was 
carefully worked out by M. Caudry.* The deiiosit in which these remains lie has since 

yy 

^ * Auimauz fossUes et O^ologie de TAttique,’ 4to, 1862, with ><>lame of plates ; B, SL 
(i. F, xiv. (1885-86), p. 288. 8 m also Roth and Wagner, Ahhandl. Bayer. Ahad. viL 





'Wsn atoerUmod to be widely <fie&ibated in Attiea. Mr. Smith Woodward ba» 
reooignieed it in Northern Eubc^ tfO miles to the north of Pikertni, conUiniug there 
■imiler fowdU. He describes the red msrl or cUy as sometimes full of land and fVesh- 
water shells, and the bones as lying in great confusion, whole 8))eciu)ens and splintertd 
bones being huddled together on successive platforms. Since many of the lM)Ut‘a, such 
as those of the feet and limbs, are still in their natural ftosilions, and w'ere obviously 
held together by ligaments when they were buried, he infers that the animals were 
hurried by torrential Hoods through thickets or tree-olistructed water’courses boforo 
being finally eutomlie<i, and that acoom{ hi living stones in rapid motion may have lieon 
partly instrumental in the fnu'turing of the hones. The fauna hert‘ disinterred ineliulea 
a monkey {MesopUheciis) intermediate between the living SemnopUhtTua o{ Asia and the 
Macaques. The carnivores are represented by SiuuK'yon^ Muattla, I'rovirphitis, Jett- 
thenum—^ genus allied to the modern c\vet~- J/ytt'ntctis, JJyama, AJtuMmrodva, ami 
several species of Felis ; the nxlents by Hystrix, allied to the eommoii fiorcupine ; the 



Fi({. 4s7 - ilcIliMldthfniiin liinHrtKtyi, (i»ii<lry 


edentates l»y the gigantic Annjhttturium , tin* pr«»lM»>i< Mb-ans by and JHno- 

Ihtrimn : the isiriasmlactyle niigulatcH by A7ij/o/cc;«« (several s|a*cie8), Acn athrrittm^ 
Leptofiott, JIipfHiriim , the artiodactyle nngulnles l»y a gigantic wild Ikwi* {Sua m/mnu- 
thiiia), Camclupartiulia, of the same size as the living giralfe, J/tlliulofherium afoim 
between the giraffe and the antelo|a'«, three 8|H*eies of true ai)telo|H>, hilu'^ttraytut -an 
antelo{ie-like animal, FaJtcoryx, somewhat like tlie living Afnean gemsbok, and 
allied to the African eland and the gazelles, a true gazelle, and J/rnnothn'tum, 

probably a hornless niminant like the living chevrotains. A few n-mains of hirds have 
also been met with, including a I’haainntus reiatc<l to a pheasant, a (/nllua, smaller than 
our common domestic fowl, a Grua, closely related to the living ciaiie ; also bom of a 
tortoise ( TVstt/efo) and a saurian This fauna is renniikahle I'm the extra- 

ordinary abundance of its ruminants, the colossal si/e of many of the forms, such as the 
giraffe and HeUadatkcritim, the singular rarity of the smaller main main, the marked 
African facies which runs through the whole scries, and the number of transitional 

(1854). T. Fuchs, Denkach. Akwl. Wien, xxxviii. (1877) 2* Abtheil, p. 1 ; /A//. Gum. 
Otol, lUdAx, (1878), p. 110. W. T. Blanford, Address, GeU. AerX, Jirti. Aam>c. 1884. W. 
Dames {Z. D. G. G. xxxvi 1888, p. 9) has added a species of On tut and one of Mim to the 
previously known Pikermi fonna Further collections have recently been luwle by Mr. A. 
Smith Woodward for the Ijptish Museum {Genl, May. 1901, p. 431), but without ailding 
materially to the number of forms previously known, though much new information has 
libeen obtained by him in regard to the specks already described. 





1296 


sTSAmBAFsmh ^ vi iv 


type* which it contains. Out of the 81 genera of mammals which M. Oaudry obtained, 
22 are extinct. The Pikermi bods have been classed as Upper Miocene, but the occurrence 
of characteristic marine Pliocene species of shells below them {Pecten benedittus, 
SpondyluB gaderopua, Oatrea lamdlosa, 0. justifies their being placed in a later 

stage of the Tertiary aeries. They are shown by KucIjs to form part of the Pliocene 
series of Attica, and lie in the highest part of that scries. 

Samos.— In an irregular deposit of gravels, sandstones, and marls in the island of 
Samos, Dr. Forsyth Major has discovereil a large assemblage of vertebrate remains of 

an age similar to that of the Pikermi strata. 
Among the fossils obtained by him are many 
of the same species as are found at the Greek 
bicality, such as l*romephitU Lartdi, MusUla 
palBBfUtica, Lycymna Charctia, Ictiihtriuvx 
Tohuatum^ 1. hipparionurn, Aiicylothcrium 
Pentdiciy Mastodm Petit did, Jihinoceroa 
pachygnathua, Hippariott mcdUcrranenm, Sua 
ertjmitrUhiua ; seven antelopes, Palaeoreaa 
Lindermayeri, Gazella ttremcomia, Paleearyx 
Pallaaii, and two others. Besides these, 
there are some half-dozen antelopes of African 
types, and true edentates, Oryctrropiia Gaudryi, 
Palaaomania Nfoa, a new genus of gigantic ruminants, Samotherium, belonging to the 
family of the giratfes, and recalling the HeUadotherium of Pikermi, and an ostrich 
{StrvAhio Karathendoria). * 

India.— Not less imjiortant than the massive Pliocene accumulations of the Mediter- 
ranean basin, are those which have been found iu Sind, the Punjab, and other north- 



Fif{. 48S. —Hflad of MacliO'ruduH, the sabre- 
toothed Tiger, reduced. 



, Fig. 489.— Sivatherium gigaiiteuni, Falc, reduced. 

K glgaatio ungulate allied to the giraffse and antelopea, having two pairs of horns ; Slwslik beds 
of India. 


wsstsm tracts of India. In Sind, tbs noteworthy fact has been made out by the Indian 
Qsologiosl Survey that, from the Upper Cretaceous to the Plibcene beds, the whole suc- 
cession of strste, with some local exceptions, is conformable antf coi^^nuons ; yet contains 

* Oompi. rand. 31st Dee. 1888 ; 1891, pp. 608, 708. 
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evidence of alternations of marine and terrestrial conditions, the latest marine inter* 
calations being of Miocene date. The upper division of tlie Manchhar group (|i. 1272) 
is not improbably referable to the Vliocene jieriod. It consists of clays, sandstones, and 
conglomerate, &000 feet thick, which have yieldtnl some in<leterniinahle fragmentaiy 
bones. Similar strata cover a vast area in the Punjab. They arc admirably ex{M)sc<l in 
the long range of hills termed the Sul>- Himalayas, which ftoin the llrahniapiitra to (he 
Jhelum, a distance of 1500 miles, flank the main chain, ami consist chietly of soft 
massive sandstone, disitosed in two parallel lines ol ridge, having a stcc)) southerly lace 
and a more gentle northerly sloi»e, and sejiaraled by a bmad Ihit valley. These strata 
comprise what has been termed the Siwalik group -an a<vuniulalion of subaerial or 
fresh water strata, the thickness of wliich has been estimate<lat M,000 feet in the north 
west Punjab, and at least 1.500 feet in thu Siwalik hills. Its component clays, sand- 
stones, and conglomerates have bi'en dep<»bite<l by great livers, which ap|M'ar to have 
flowed fiom the Himalayan chain by the saino outlets as their modern representatives 
These deposits vary aceoixling lu their |>osition relatively to the gieat nvers. They have 
been involved in the last colossal movements whei<‘by the Himalayas have been up- 
heaved, yet their stiuetnic showa that the same distiibutiun of the water couraeK has 
been maintained as existed licforc the disturbance. In this instance, as in that of the 
(!reen River tliruiigli the Uinta range m we^tern America, the iiifeienee seems to he 
legitimati' that the elevation of tlio inouiitainH must have ]»ioeeedcd so sbtwly that the 
erosion by tlie livers kept pare with it, and the jKisilioiiH of the valleys wcio tlieiefoie 
not sensibly t hanged (sec p. 

The Siwalik launa iiiclud<‘>> .i few iiiolhisks, >ome, if not all, which are identical 
with living s|H-cicH, swell .IS the laud-snail Hidnnus imulans, a sisries wlmh at the 
present day ranges from Attica to Hititiia, ami the two eoinnion Indian Mvei-snails 
yii'ijMrm Uitfjui< mn and U. besides sjMn-ies of Ampullitrui, and 

Vmo. Hut the main jiart of the fauna eonsists «)f iiiuinniiilia couqnising 71 speeics that 
can be as',igiied to III* Iniiig gem ra ami :’>7 .s|M'cn >, belonging to 2.5 gem-ra tbiit are now 
extinct. The vertehiatc part of this, fauna, so far as known, is shown in the subjoined 
table, the existing genera being marked with an asterisk : *- 

M.V.MMAI.IA. - Primates. 1 fcp. ; Simui,* 1; ScunKnixth-nin,* \ \ 

MtWJU'H'i* 1 ; Ci/noi'fphalu.i* 2 . 

Uariiivora. “ A/u-ifcAi,* 1 : MiHwtut* 2: \ ; Lutrn* Jl , 

1 : Crnus* 1 ; J/i/h nari'to)>, tl ; Cams,* 2 ; A mphicyvn, 1 ; 

Uti'erra,* 2 ; J/yitna,* 1 ; lA'pthytpnn, 1 ; HyivniAis, 1 ; .iAuropgtn, 1 ; Mam- 

guU, 1 ; Fi’liii,* 5 ; MuihartKlun, 2. 

Proboacidea. — ti { Kuel^pkng,* 1; Loj-adon,* 1; Steyodon, 4); 

Mtutixlon, 5 ; IHwdh^rimn, 1. 

Ungulata. — ChAlxcdthcrinm, 1 -, JViinvcrriis,* 3 ; /if/moi* 1 ; /lipjHiriini, 2 ; 

Nippiip^ttaxiiux* 1 ; Tetnumadon, 1 ; Sils,* .5 ; J/ipfnihyus, 2 ; Hanitherivm, 1 ; 

Meryo/potain us, 3 ; Cerfus,* 3 ; J)uradheriuin, 2 ; Tragvius,* 1 ; Maschus,* 1 ; 

PalteMtieryjc, 1 ; Ca indojxtnlalis,* 1 ; Hdludathfrium, 1 ; Jiyduspithrriuui, 2 ; 

•Sivatherium, 1 ; Alcdaphus,* 1; CozfUn,* 1; Cubus,* 2; AntiU/}*e^* 1 ; 

Hippoiragns, 1 ; iheas* {i}, 1 Strejtgictrog * (0. 1 ; liomlaphv4, 1 ; Paltttrryx 

(1), 1 ; Probnlxdos,* 2 ; /xpiofuis, 1 ; fiison,* 1 ; Jita, 3 ; Uumpra, 1 ; 

Capra,* 2 ; 0ns,* 1 ; Cuwdus,* 2. 

Roilentia.— A'Moitia,* 1 ; Rhimnys,* 1 ; Hysiru:,* 1 ; Jjepm,* 1. 

Avr.i. — Pkahicrocorax,* 1 ; IsfptojttUus* 1 ; Pelfcanut,* 2 ; Mfrgus,* 1 ; 

Strulhio,* 1, 

Reptilia. — C rocodilia.— C/worfi/u5,* 1 ; Oavialis* 3; Rhamphnsuthus, 1. • 

LaccrtUlo.— PoraniM,* 1. 

Cbelonia. — Oolotsochflys, 1 ; BeUia,* 2 ; jMmonia,* 1 ; Kaehuga,* 3 ; 

UardeUa,* I ; Emyda* 4 ; Trionyx,* 1 ; Chitra, 1. 

‘ Ftlooner and Cautley, ‘Fauna Antiqua Sivalansis,* 1846-49. ‘Geology of India,* 
p. 360. Blanford, Brit. vAmoc. 1880, p. 677 ; Addreu, Oeol. SecL Brit. A»$oc. 1884. 
Lydekker, ‘PaUeontolo^ Indica,' ser. x. vols. I. ii. ill. ; Records Otol. Bnrv. Indian 1888, 
p. 81 ; ‘Cat Sewalik Vert. Ind. Mna.' 1885-86, and Catalognea of British Museum. 
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Vmof».— earchariaB* 1; OphiMpphaluB* 1; Ctarias* 1} Heterobranchtu, 
Ohryaichthyi, 1 ; xMaerone$* 1 ; Rita,* 1 ; Arius,* 1 ; BagariuB,* 1. 

In this list there is considerable resemblance to the grouping of mammalia in 
the Pikernii deposits, particularly in the preponderance of large animals, the absence or 
rarity of the smaller forms (rodents, bats, insectivores), and the marked Miocene aspect 
of certain parts of the fauna. Of the total assemblage of vertebrates found at Pikermi 
eighteen genera, or considerably more than half, have been also obtained from the 
Siwulik series, including the peculiar and characteristic Helladotherium. Mr. Blanford 
and his colleagues of the Geological Survey of India have sliown that, though it has 
been classed as Miocene, the Siwalik fauna has such relations to Pliocene and recent 
forms as are|buud in no true Miocene fauna.‘ The large proportion of existing genera 
is the most striking feature of the assemblage. The prejwnderanoe of species 
belonging to such familiar genera as Mameua^ Urma, Elephas, Eqniis, Hippopotamus, 
Boa, llyatrir, Mdlivont, Meha, Capra, Camellia, and Niiwmya give the whole 
assemblage a singularly modern a.speet. It should be added that, of the six or seven 
determinable reptiles, three are. now' living in northern India ; tliat of the birds, one is 
probably idcntienl with the living ostrich, and tliat all the known land and fresh -water 
shells, witli one possible exception, are of existing species.* • 

North America. — The existence of marine deposits referable to the Pliocene period 
has now been ascertained both on the Atlantic and Pacific borders of the United States. 
On the eastern side of the eountry they stretch from the Gulf of Mexico through the 
Carolinas, and in scattered patches as far as Virginia. ‘They are best seen in Florida, 
which ap[M>ars to liiive l>cen still under water iluring Pliocene time. Hence they have 
been classed as the Floridian series, in which have been recognised -(«) a lower group 
(Caloosuhatchie, 'Waccamaw), and (/>) an upper group, variously termed De Soto and 
Croatan. Higher still comes tlu; Lafayette grou]), including the Lagrange beds, 
Oraugo sand, Ac,. Among the prevalent species of the Floridian series are Oatrea 
mcridioiuilia, Pliratula rainosa, IMen trraflians, Area Haiosa, Pectunculus undaiua, 
P. peclincdm, CrasmtetUi CibUaii, Venus lai ilirala^ Terehra disloeala. Conus Agassiiii, 
Oliva literata, Naaaa obaohla, N. aeutn, Vrepahila fornicata. In the Waccamaw or 
obler part of the series the proportion of living species is about 70 per cent, while in 
the younger or Croatan beds the proportion is move than 83 per cent.’* On the Pacific 
coast, owing to tlie greater amount of uplilt in the later part of the Tertiary period,^ a 
more ample development of Pliocene deposits has lieen exposed, upwards of 5000 feet 
of strata of this age being visible in the San Francbco jicninsula. This enormous 
thickues.i of sediment, unparalleled, so far ns known, among strata of this age 
elsewhere in the New World, is visible on the sea -cliff (720 feet high) which 
extends for a few miles south of Lake Merced. The rocks, which have there 
been tilted generally at high angles in a moiioclinal fold, consist chiefly of soft 
grey sandstones and sandy shales, with frequent hard shell - beds and scams of 
pebbly conglomerate. These seilimeuts were probably accumulated to so exceptional 
an extent os a kind of local or delta accumulation. At their base, which rest* 
unconforniably ou Mesozoic rocks, lies a band of carbonised vegetation, with cones of 

^ Some doubt rests on the horizons from which many of the describeil Siwalik iossils 
were obtained. If the exact positions were ascertained, it would probably be found that 
there is le|S comnuiigling of Miocene and Pliocene types than appears from the lists, and 
that the older types have really, to a greater or less extent, been derived from earlier parts 
of the formation than the younger types. 

« Blanford, Brit. .4ssoc, 1880, p. 678, and 1884, Address. 

> W. H. Dali. 7V««s. iVagner Inst. Philadelphia, iii. Part li. (1892), p. 215. 

* Pliocene fossils are reported to have been found in indug^ted material at heighto of 
2600 feet in the Monte Diablo range, and at 6000 feet near Mount St. Elias {BuU. U.S. 0. S. 
No. 84, p. 271). 
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JPinui ittfijfmii, ^hkk is now fonnd growing only st Monttrey. Higher up, mtrino 
•hdls (MW nbundsnt, s largo proijortion botongiug to still Hriug species, surJi as Ckunu 
iuuinta, Area ackizotoma, Mytilm edulu, VenericttrJui venlrtco$a, SoUn ncoriws, 
SitiqrM paiuta^ Nosm /oemia, X. memiiea, Purpum rnjipaUi, Mueonui itmufa, M. 
edulis. A stratum full of tree-tntuks lies about the niultllo of the st rioa, but uiarine 
shells are found above it.' Farther south on th« inuiht, at San iVdru, near Los Angeles, 
an important display of I’liocune strata, graduating upward into the Plcistoi'eiie 
series, has been recently studied by Messia. Arnold. Tlio l’lio«'eno portion of the 
section appears to vary from .^0 to 180 feet in thirlcness. It eonsista of brown 
argillaceous sandstones, containing Thijamni {Vi't/ftfiAon) hts^cUt, Pecleri eaunnun, P, 
hericeus, P. trpaii$u», Lucitta acutifinfata^ Panomftn ampia, AVi/nvi c/aitsa, several 
species of Trophen and northern P/rurofotnutHr -the whole fauna containing 1*2 per cent 
of extinct sjiecies, and ]ireaenting a gtneial icscinbUiiou to that which is living now at 
a depth of 20 to C>0 fathoma off the coast at San iVtlro.'^ Marino Pliocene deposits 
ap|>ear to bi; but (toorly represented north of California, until we reach Alaska, where 
their presence has been recognised.^ 

In the interior of the eoiiiiiieiit no rorre.M]>onding marine forniatious are found, but 
the Series of subaerial, lacustrine, and tUiviatile deposits of the prt'vioiis Tertiary periods 
is coiltiniieil. Two luirir.uiis have been recognised among thoHo de|>nsits which are 
referied to the Pliocene iK'rifsl. What is regardt*d as the older group (Palo Duro or 
(ioodnighc bed.H) is found in Texa.s, lying uncotiformahly on a fsirt of tba lx>up Fork 
series (p. 1273j. It coiitaiiis a fauna which, except f«»r the presence of Kgvm, corresponds 
with that of the later I»up Fork beds, which, as already staUMj, may perha})s be 
Pliocene. Among the scanty remains are those of a ihiiioceros {.Aphthpi) and a 
number of horses {I’rotnhippwi, lUiuhippus, Pquust). Of later <lste are the lacustrine 
clay.s and sands (IbO to 200 feet thick j of we^tein Texas and ])art of Oklahuma, known 
•s the Blanco stage, nieso have yielded the eurnivores Vanxmartea^ Borophaytux, and 
Felis; the edentate Sfajnloxxyx : the probo.Heidian.s and Tctrainlodon ; three 
species of Kqvua ; and the camel Piiaxiehenui.* 

Australia. —In'New South Wales, during what are MUi;}>osed to correspond with 
the later Miocene, Pliocene, and Pleistocene periods, the land appeals to have been 
groilnally rising and to have been exposed to prolonged denudation and, in the Middle 
Pliocene jji-rioii, to gicat volcanic activity. Hen<e siieoessive fluviutile terraces were 
fornicil and eroded in the valleys, and were in many eases buried under great streams 
of lava. It is in these buried river-beds tiiat the “ «leep-leads” lie, from which such large 
quantities of gold have Ix'cn obtained. They have preserved with wonderful perfection 
remains of the flora and fauna of the period. Among the ])laiits are large trunks, 
branches, ami fruits of trees, and also feriiH. With these are associated freah-wator shells, 
traces of beetles, and bones of a number of extinct marsujiials, aome of whicli were 
distinguished by their great size. One ot the most abundant and remarkable of these 
creatures was the IHjn-otedon, which attained the bulk of a rhinoceros or hippopotamus. 
Another is the Nolotherium, probably somewhat like a large tapir, of whi< h three 
species have been named. An extinct gigantic kangaroo {Marropxia Titan) had a skull 
twice as long as that of the largest living species. There were also wombats (/Wosco/omya), 
and a marsupial lion {ThylacoUo), with the marsupial hya:iia {Thylaeinxut), and Sarou- 


' A. C. Lawson, *‘The Post-Pliocene DiaslropbUm of the (Joast of Houthem (falifomia,* 
Butt, tJeol. Univ. Calif<rmia^ i. No. 4 (1893), p. 142. Other writers regard the up|>er part 
of the Merced series as probably Pleistocene (G. H. Ashley, Proo. Oalxfom. Acad, sk, v. 
(1895), p. 812). 

« D. and R. Arnold, Jwm. Geol. x. (1902), p. 117. 

* W. H. DaU and «. bT Harris, Bxdl. UJ3. O. S. No. 84 (1892), p. 232 and map. 

* W. B. Matthew, BuU. Amer. iftes. Fai. Hut. xii. (1899), p. 75. 
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philuB or ** devil/* which still live in Tssmsnia. To these may be added the JDromomii 
—a large bird represented now by the emu.* 

Id Victoria a younger Tertiary series overlies the older volcanic rocks referred to on 
p. 1274, and is likewise associated with newer volcanic ejections. It includes both 
inarine and fluviatilo deposits. The marine groii}), with species of Trigoaiit, HalioUa, 
{'erithium, IValdheiinia, &c., is found up to heights of 1000 feet above sea-level. The 
(luviatile deposits, besides auriferous gravels, include also beds of lignite with abundant 
remains of terrestriiil vegetation, and have yielded remains of Diprutixlon^ Phascolomya^ 
ThylacoUo, AfacropuSt Ptocoptixlon, Uaayurus, Hyp»\privinua^ Canis dingo^ &c. Vast 
sheets of basaltic and doleritic lavas have overspread the plains and tilled ui> the 
Pliocene river-beds. 

In Queensland the presence of Tertiary rocks is inferred rather than ])roved. But 
from the similarity of the volcanic rocks of that colony to those of Victoria and New 
South Wales, it is believed that the older and newer volcanic groups which have been 
established are likewise of Tertiary age.^ 

Now Zealand. -Deposits referable to the Pliocene division of the geological recoid 
play an important part in the geology and industrial development of New' Zealand. 
According to Sir J. Hector, they belong to a time when the land was much more 
extensive than it now is, and when in the North Island volcanic action i cached its 
greatest activity. They constitute the Wangamu system of Ca}>taiu Hutton. From 
70 to 90 per cent of their mollusca are of still living species. In addition to tins large 
percentage, the formation may be recognised by Trophvn cjpaKSua, Pleurulotm wan- 
gnnuimaia, Trorhus conicna, Penfafium nanuntf Merctrix assimilis, Osina rorrngata, 
Trocho&yathus quiiuiriua, Flabelluin rugulwum. In the South Island the Pliocene 
strata are to a large extent uiifo.ssiliferous gravels, siicli as those of the Canterbury 
Plains and the Mouteri Hills, in Nelson, whh'h weio derived from the mountainous 
interior. That considerable terrestrial disturbance took place during and subsequent 
to tlie dc|K)sit of the Pliocene series is shown by tlie disturbed and elevated positions 
of the beds in some places. Here and there the marine strata have been raised to a 
height of 300 feet (near Napier to more than 2000 feet) above the sea without ilis- 
turbauce of their hori/ontal i>ositioii ; but elsewhere they have been eoinplelely over- 
turned. The economic importance of these deposits arises mainly from their yielding 
the richest supplies of alluvial gold.* 


Part V. .Post-Tkrtiauy ok Qi atkrnauy. 

This portion of the Geological Record includes the various superficial 
deposits in which nearly all the mollusca .ire of still living species. It is 
usually subdivided into two series ; (1) an older group of deposits in 
which many of the mammals are of extinct species, — to this group the 
names Pleistocene, Post-Pliocene, and Diluvial have been given ; and (2) 
a later series, wherein the mammals are all, or nearly all, of still living 
species, to which the names Recent, Alluvial, and Human have been 
assigned. These subdivisions, however, are confessedly very artificial, 
and it i^ often exceedingly difficult to draw any line bet-we^n them. The 
names assigned to them also are not free from objection The epithet 

‘ C. S. Wilkinaou, ‘Notes on Geology of Now South Wales,' Sydney, 18S2. 

* R. A. F. Murray, ‘Geology of Victoria,’ p. 118. 

^ These Volcauic accumulations are extensive and of grea^ interest. They have been 
described by Mr. R. L. Jack in the ‘Geology and Palnontology of Qs^aensland,* chap, zxiv, 

'* Hector, ‘ Handbook of New Zealand,' p. 26 ; Hutton, Q. J, O. & 1885, p. 211. 
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** human,” for example, is not strictly applicable only to the later series 
of deposits, for it is quite certain that man coexisted with the fauna of 
the Pleistocene series. 

In Europe and North America a tolembly sharp demarcation can 
usually bo made between the Pliocene formations anil those now to bo 
described. The Cnig deposits of the south east of England, as we have 
seen, show traces of a gniilual lowering of the tcmj>erature during late.r 
Pliocene times, and the same fact is indicated by the Pliocene fauna and 
flora on the Continent even in the Mediterranean basin. This chunge 
of climate continued until at last thoroughly Arctic conditions ])re\ ailed, 
under which the oldest of the PostTertiary or Pleistocene dei^osits were 
accumulated in northern and centml Eurojw, and in I’anada and the 
northern part of the Uniteil States. 

It is hardly possible to arrange the Post-Tertiary accumulations in a 
strict chronological order, Ixieause we have no meajis of deciding, in 
many cases, their relative antiquity, seeing that as a rule they occur in 
scattered areas, and not clearly superposed on each other. Thi‘ order in 
which they are classified ha.< idten been determined by theoretical con- 
siilerations, which are always subject to revision. In the glaciated regions 
of tlu^ northern hemisphere the various glacial deposits are grouix'd as 
the older division of the series under the name of Pleistocene. Above 
them lie yminger accumulations, su<‘h as river alluvia, jMJat-mosses, lake- 
bottoms, cavealeposit-s, blown-satul, raised lacustrine and marine terraces, 
which, merging insensilily into those of the j)re8ent day, are termed 
Kecent or Prehisbiric. 


Section i. Pleistocene or Glacial. 

§ 1. (leneral (Tiaraetcrs. 

Under the name of the (Jlacial Period <>r Ice Age, a rernarkahlc 
geological ejusode in the history of the northern hemisphere is denoted^ 

^ No section of hi-^tory now possesses a more voluniinoiin literature tlian the 

Olacml Period, tspeeiulh in Hritani and N<irlh America. For ^‘‘iieral informution the 
student may ref» r to lAell's ‘Antn|Uity of Man.' .1, (Jcikie's ‘ Great lee Age,’ ‘ Preliisiorie 
Europe,' Addrr-.s to (ieido^cal S.Ttion of Untidi Association, 1H89, and paper in Troiiti, Knif. 

EtHii. wwii. Parti. flH'.Cl). p. 127. d I’roir^. '('lim.'ite and Time.’ ‘ Disenssion'. on 
Climate am K'osmnlnf^y.’ Professor Homies's • In- Work, Pa.st and Pivseiit,’ p. ISt*. A. Peof),. 
‘ Vergletn’hemnn der Deulsehin Al{M‘n,' 1882. A. Penck, K. ItiU<kner, and I., du P.is(jiiii », 
“1/6 Sy.sterae Gliviaire dcs .Mpes,” Ihiff. So,' Set. .Vo/., Neut h.ttel, xxii. 1891, A. Peii< k 
and E. Bruckner, ‘ Die Alpen im Eiv.eitalter,' 1901, 1902 s^q. .1. Parts<h. ‘Die (;iets< lor 
der Vorieit in den Karpiithen, Ae.,’ 1882. A. FiiVre, ‘f'aiU- des Ancietis (Jlaen-rs <1* la 
Suisse, Ac,,’ Geneva, l.s8l. A. B.alUer, *1 Kt diliuiale Aarglntseher,' Benuf 1 890, \. 

Falsan and E, Chanlre, ‘ Anoiens Glneiern, de la partle moy‘‘iine du BaHsin <lu Klione,’ 
1879. and for detailed devriptions, to the Jxvrn. Soc. ; fifijf. Mmj.; Xnt/nh. 

/»>(>/. /t'w. ; Jfthrff. Foren, ShKkhtlm ; Avifi. 

Jntir». Science; Anutinf lirptirtn U.S. fturv. ; BitU. An>cr. Sue., Amcnron 

OeoloyiM ; and Jnnri^ for the last twenty or thirty yeara. Sfune of these and f»ther 
writings are citetl on later pages. For the American literature see more partieularly 
p, 1840, *eq. 
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The gradual refrigeration of climate at the close of the I’ertiarjr ages 
(p. 1278) affected the higher latitudes alike of th6 Old and the New 
World. Some of the northern parts both of Europe and of North 
America appear to have stood higher above sea-level than they do now. 
Evidence, indeed, has been brought forward in support of the view that 
in some regions the land must have been greatly more elevated and 
extensive during the maximum glaciation than it is now. Thus from the 
floor of the Atlantic around the coasts of Scandinavia, the Faroe and 
British Isles, dead littoral shells have been dredged up in depths of 
between 100 and 300 metres, and the conclusion has been drawn from 
them that the general level of the sea-bottom at the time when these 
mollusks kved was 100 to 300 metres higher than at present. Still 
more striking, however, is the inference deduced from the distribution of 
the doiid shells of the so-called Yoldia-clay over the bottom of the North 
Atlantic. These shells now live in the high Arctic seas at depths of 
from 5 to 15 fathoms, but numerous dead specimens of them have been 
dredged from depths of from 500 to 1333 fathoms. It seems difficult 
to account for their presence by the drifting action of icebergs or of 
coast-ice, and the only other conclusion to which they point is that which 
Brdgger, Nansen, and others have adopted, that they indicate a former 
exceedingly arctic time when the surface of the lithosphere in the north- 
western pjvrt of the European region, whether land or sea-floor, stood at 
a height of at least 2600 metres al) 0 vc that which it now presents.^ 

As the cold increased the whole of the north of Europe came 
eventually to be buried under ice, which, filling up the basins of the 
Baltic and North Sea, spread over the plains even as far south as close 
to the site of London, and in Silesia and (lallicia to the 50th jiarallel 
of latitude. Beyond the limits reached by the northern ice-sheet, the 
climate was so arctic that snow-fields and glaciers stretched even over the 
comparatively low hills of the Lyonnais and Beaujolais in the htart of 
France. The Alps were loaded with vast snow-fields, from which enormous 
glaciers descended into the plains on either side, overriding ranges of 
minor hills on their way. The Pyrenees were in like manner covered, 
while snow-fields and glaciers extended southwards for some distance over 
the Iberian peninsula. In North America also, Canada and the eastern 
States of the American Union, down to about the 40th parallel of north 
latitude, lay under the northern ice-sheet. 

The effect of the movement of the ice was necessarily to remove the 
soils and superficial deposits of the land-surface. Hence, in the areas of 
country so affected, the gi'ound having been scraped and smoothed, the 
glacial accumulations laid down upon it usually rest abruptly, and without 
any condection, on older ixicks. Considerable local differences may be 
observed in the nature and succession of the different deposits of the 

• See the evidence ou this eiibject fully aUted by Prof. Brogger In his ‘Om de 
Seiiglnciale og Postglaciele NivAforsudriuger i Kristianiafeltet,” Norg. GeoL VndenOg,^ No. 
31 (1900 and 1901). Proofs of the former greater height of lagd in western Europe 
»tul in eastern North America have long been reoogdised in the prolongation of fjords and 
laud- valleys on the a<yoiuing oceandloor (onis, p 9^1). 



Glacial Period, as they are traced from district to district ft is hardly 
possible to determine, in some case^ vrhether certain portions of the series 
are coe^^l, or belong to different epochs. But the following leading facts 
have been established. First, thei'e was a gradual incre^ise of the cold, 
until the conditions of modern North Greenland extended as far south as 
Middlesex, Wales, the south-west of Ireland, and 50" N. lat. in Central 
Europe, and al>out 40'* N. lat in Eastern America. This was the c\il- 
mination of the Ice Age, — the first or chief period of glaciation. Then 
followed an interval or interglacial {period, during which the climate 
seems to have become much milder, though possibly with occasional 
returns of cold. This interlude was succeeded by another cold period, 
marked by a renewed augmentation of the snow-fields and glaciers, — a 
second jwriod of glaciation. 

It has been maintained by some observers that as many as four or 
five distinct epochs of cold are includwl within the geological interval 
represented by the Pleistocene de|M)sits. Other writers contend for the 
essential unity of the Glacial Perio<l. The truth will probably Ikj found 
to lie somewhere iKJtween the extreme views. As shown in the sequel 
(p. 1312), demonstnible proof has been obtained of .at least one interglacial 
period ; and there ntay liave been more than one a^^vunce of the northern 
ice into temperate latitudes. The interval or intervals of milder climate 
must have been of such prolonged iluration that southern types of plant 
and animal life were enabled to spread northward and resume their 
former habiUts.* Eventually, however, ami no doubt very gradually, 
after episodes of increjise and diminution, tlic ice finally retired towards 
the north, a?ul with it went the Arctic Horn and fauna that had [leopled 
the plairis of Europe, Canada, and New England. The existing snow- 
fields and glaciers of the Pyrenees, the Alps, and Norway in Euro[)e 
and of the Uocky Mountains in North America are remnants of the great 
ico-sheots of the glacial i)eriod, while the Arctic plants of the mountains, 
which survive also in scattered colonies on the lower grounds, are relics 
of the northern vegetation that once covered Eurojx’. from Norway to 
Spain. 

The general succession of events has Ixjen the same throughout all the 
European region north of the Alps, likewise in Camula, liabrndor, and 
the north-eastern States, though of course with local imxlifications. The 
following summary emlKxiies the main facts in the history of the Ice Age. 
Some local details are given in subsequent pages. 

Pre-glacial Land-Surfaces, — Here and there, fragments of the 
land over which the ice-sheets of the Gbveial Period settled have escaped 
the general extensive ice-abrasion of that ancient terrestrial surface, and 
have even retained relics of the forest growth that covered tlmm. One 
of the beat-known deposits in which these relics have been preserver! is the 
so-called “ Forest-bed group ” (p. 1 286). Above that dejx>8it, as already 
described, there is seen, here and there, on the Norfolk coast, a local or 

* Th(»M who wi^ to ^nier into thiit debated eabject will liud it disciiMied from opposite 
•idei in Home recent papers by T. C. Chamberlin and O. P. Wright in the Jmr, Jouru, flW, 
( 1892 , 1898 ), with referencea to other utlKMitiefi. 
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intermittent bed of clay containing remains of Arctic plants {Salix polaris, 
Behda nana, &c., Fig. 490\ together with the little marmot-like rodent, 
known as the souslik (Sperimphilus). These relics of a terrestrial 
vegetation are drifted .specimens, but they cannot have travelled far, and 
they probably represent a portion of the Arctic flora which had already 
found its way into the middle of England before the advent of the ice- 
sheet. Judging from the present distribution of the same plants, we may 
infer that the climate had become 20" Fahr. colder than it was during the 
time represented by the Forest bed — a difference as great as that between 
Norfolk and the North Cape at the present day.^ 

The Northern Ice-sheets. — At the base of the glacial deposits 
the solid rocks over the whole of Northern Europe and America present 
the characteristic smoothed flowing outliTjes produced by the grinding 
action of land-ice (p. 550). The rock-surfaces that look away from the 



„ h 

Ki}'. 4'KJ. — .\iTllr IMants foinul in (JIacinl l)oiK>si|s. 
ti, Salts iHilai in, Walilonh, (j) ; h, llotnla imiia, Linn. ; > . r,t'iif of >.nnn\ show Ini^ tin* size ti> winch 
It ;:i«ws in moie sonthern cmintTies. 


quarter whence the ice moved arc usually rough and weatherwon 
(Leoseite), while those that face in that direction (Stoss-seitc) are all 
ico-worn. Even on n small boss of rock or on the side of a hill, it is 
commonly not difficult to tell M-hich way the ice flowed, by noting 
towaula which point the striie run and the rough faces look. Long 
exjwsed, the peculiar ice-worn surface is apt to be effaced by the disinte- 
grating action of the weather, though it retains its hokl with extra- 
ortlinary pertinacity. Along the fjords of Norway, the sea-lochs of the 
west of Scotland, and the headlands of Labrador it may be seen slipping 
into the water, smooth, bare, itolished, and grooved, as if the ice had only 
recently retreated. Inhind, where a protecting cover of clay or other 
8ii})erfici}!l dejmsit has been newly removed, the i)eculiar ice-worn surface 
may be as fresh a.s that b}’ the side of a modern glacier. 

From the evidence of these striated rock-surfaces and the scattered 
blocks of rock that were transported to various distances, it has been 

’ C. Rei*t, Horiiontal Serf inn, ffo. 127 «/' Oanl. Sanetf, anil “Gwlogy of tlie Country 
ahuiuil Cromer'* (sheet ttS E.). in Mt-moir/t Sifrcnt, 1882. 
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tfcertained that the whole of Northern Europe, Canada, and the 
northern part of the UnitM States was buried under one continuous 
tnantle of ice. In Europe the southern edge of the ice sheet must have 
lain to the south of Ireland, whence it passed along the lino of the 
Bristol Channel, and thence across the south of England, keeping to 
the north of the valley 0 / the Thames. The whole of the North Sea wjis 
filled w'ith ice down to a line which ran somewhere between the coiiat of 
Essex and the present mouths of the Khine, eastwaixls along the ba.se of 
the Wcsphalian hills, and roun<l the projecting piomontory of the Ilarz, 
whence it swung to the liase of the Thuringerwald and stnu k eastwards 
across Saxony, keeping to the tiorth of the Erz, Kiesen, and Sudeten 
mountains ; thence across Silesia, Poland, and Callicia by way of Lemberg, 
and circling round through Russia by Kielf and Nijiii Novgorod norths 
ward.s by the head of the Dvina to the Arctic Ocean. 1'he toUd area of 
Europe thus buried under ice has been computed to have been not less 
than 770,000 sfiuare miles. 

(Jwing mainly to the direction of the prevalent moistnro-bcaring 
winds, the snowfall was greatest towanls the west and north-west, at»d 
in that direction the ice sheets attained their greatest thickness. Over 
Scandinavia, winch was probably entirely buried beneath the icy 
covering, it was [lerhaps between OOOO and 7000 feet thick when at its 
maximum. Thence the .sheet sprtvul southwards, gradually diminishing 
in thickness. Hut. from tlie striae left by it on the Harz, it is computed 
to have Iwen at least 1470 feet thick where it abuttetl on that ridge. 
The Scandinavian ice joined that which spread over Britain, wheic; the 
dimensions of the sheet were likewise great. Many mountains in the 
Scottish Highlands show marks of the iec-shcct at heights of IlOOO feet 
ami more. If to this depth we mid that of the dee}) lakes and fjords 
which were filled with ice, we sec that the sheet may have be«*n as much 
as 4000 nr .lOOO feet thick in the iiorthern j»arts of Britain. 

This va.st icy covering, like the Arctic and Antarctic ice sheets of the 
present day, was in continual motion, slowly draining downwards to 
low’cr levels. Towards tlie we.st, its edge reached the sea, as in (Green- 
land now, and must have ailvaiiccrd .some distance along the sea-Hoor 
until it broke off into liergs that tlojited away northward. Towards the 
south and ca.st it ended off upon land, and no doubt discharged < ojnous 
streams of glacier-water over the ground in its front. In mnlhern 
Germany, Denmark, Finland, and Scamlinavia, the .southern limits at 
which the ice rested a long while before retiring are indicated by long 
winding ramparts of detritus (Endmorane). In North America also, 
the southern edge of the ice sheet is marked by similar " terminal 
moraines," which are well displayed from I’ennsylvania to Dakotji. 

The directions of movement of the ice-sheets can be followeci by the 
evidence (1st) of stria? graven on the rocks over which the ice passwl, 
ami (2nd) of transported stones (“erratic blocks”) which can be traced 
back to their original sources. 

In Enrope th^gnkt centre of dispersion for the ice-diainago was the 
table-land of Scandinavia. As shown by the rock-strife in Sweden and 




^SO0 V ▼ 

■ ; ; 

Norway, the ice moved oflTthat area northwards and north-eastwards across 
northern Finland into the Arctic Ocean; westwards into the Atlantic 
Ocean, south-westwards into the basin of the North Sea; southward, 
south-westward, and south-eastward across Denmark and the low plains 
of Holland, Germany, and Russia, and the basins of the fialtic, Gulf of 
Bothnia, and Gulf of Finland. The evidence of the transported stones 
coincides with that of the striation, and is often available when the latter 
is absent. 

United with the Scandinavian ice, but having an inde{)en3ent system 
of drainage, was the ice-sheet that covered nearly the whole of Britain. 
The rockstrite show that while it probably buried the country even 
over its highest niountain-top.s, it moved outward from each chief mass 
of high ground. Thus, from the Scottish Highlands, which were the 
main gathering ground, it drained northward to join the Norwegian ice, 
and move with it in a north-westerly direction across the Orkney and 
Shetland Islands. Westward it descended into the Atlantic ; eastwards 
into the basin of the North Sea, to merge there also into the Scandinavian 
sheet and that which streamed off from the high grounds of the south of 
Scotland, and to move as one vast ice-field in a south-south-east direction 
across the noi th-oast and east of England. Southwards it flowed into 
the basin of the Clyde and the Irish Sea, to unite with the streams 
moving from the south-we.st of Scotland and the north-west of England 
and Wales. The centre of Ireland appears also to have been an area 
from which the ice moved outwards, passing into the Atlantic on the 
one side and joining the British ice-fields on the other. 

It is when we follow the direction of the ice stri®, and see how they 
cross important hill ranges, that we can best realise the massiveness of 
the ice-sheet and its resistless movement. As it slid off the Scottish 
Highlands, for instance, it went across the broad plains of Perthshire, 
filling them up to a depth of at least 2000 feet, and passing across the 
range of the Ochil Hills, which at a distance of twelve miles runs 
parallel with the Highlands, and reaches a height of 2352 feet. Moun- 
tains of 3000 feet and more, with lakes at their feet, 600 feet deep, have 
been well ice-worn from top to bottom. It has been observed that the 
striae along the lower slopes of a hill-barrier r»in cither parallel with the 
trend of the ground or slant up obliquely, while those on the summits 
may cross the ridge at right angles to its course, showing a differential 
movement in the great ice-sheet, the lower parts, as in a river, becoming 
embayed, and being forced to move in a direction sometimes even at a 
right angle to that of the general advance. On the lower grounds, also, 
the striae, converging from different sides, unite at last in one general 
trend asothe various ice-sheets must have done when they descended 
from the high grounds on either side and coalesced into one common 
mass. This is well seen in the great central valley of Scotland. Still 
more marked is the deflection of the striie in the basin of the Moray 
Firth. Northwards they are turned in a N.N.W, direction across 
Caithness and the Orkney Islands, pointing to the inflKence of the more 
gigantic Scandinavian ice-sheet. On the south side of the basin they 



ran by antil in Uie nortb^Mst of Aberdeenshire they swing north- 
wanl under the sea. The strife that descend from the eastern and 
south-eastern Highlands bend round sharply to the N.N.K., as they 
approach the coast, with which they then run on the whole panillel, 
showing how the Scottish ice was pressed against the land by the large 
body which occupied the bed of the North and w’as here moving in 
a general northerly or north- westerly direction. To the south of the 
peninsula of Fife the striie begin to bend towards S.K. and continue 
that course past the Cheviot Hills into Kngland. The great mass of ice 
which crept down the b/isin of the Firth of Clyde was joined by that 
which descended from the uplands of Carrick and Galloway, and the 
united stream filled up the Irish Sea and passed over the north of 
Ireland. At that time Kngland and the north-west of Franco were 
probably united, so that any {wrtion of the North Sea ))5isin not invaded 
by land-ice would form a lake, with its outlet by the hollow through 
which the Strait of Dover has since been opened. 

When this glaciation to<jk place the terrestrial surface of the northern 
hemisphere had acquired the main configumtion which it presenU to-day. 
The same rangas of hills and lines of valley which now serve to carry off 
the rainfall served thefi to direct the results of the snowfall seawards. 
The snow-slied.s of the Icc Ago probably corres|M)nded essejitially with the 
water sheds of the present day. Yet there is evidence that the roinci- 
deuce between them was not always exact. In some eases the snow and 
ice accumulatt'd to so much greater a depth on one side of a rid^^o tha.n 
on the other that the flow actually ixts.se<l across the ridge, and detritus 
was carried out of one Iwsin into another. A remarkable instance of 
this kind has been ohscrvcil in the north <»f Scotland, where so thick 
was the ice-sheet that fragments of rock from the centre of Sutherland 
have been carriexi up westward Jicmss the main water-parting of the 
country and have been dropped on the western side.* 

In North America, also, alnindant evidence is afforded of a northern 
fee-sheet which overrode Cau.ada and the eastern States, southwards to 
about the 40th parallel of latitude in the valley of the Missouri. Several 
centres of dispersion have been noted from which this ice moved outward, 
chiefly in a genonil southerly direction, but in the middle part the ice 
streamed northward into the Arctic Ocean. The grciit mounUin ranges 
farther south likewise nourished numerous valley glaciers, which radiated 
outwards from the high ground. Some further details regarding the 
areas covered by the ice, and the tnices of glaciation are given at 
pp. 1328-1346. 

Beyond the limits of the northern ice-sheet, the European continent 
nourished snow-flelds and glaciers wherever the ground was high enough 
and the snowfall heavy enough to furnish thein. As already mention^, 
the precipitation of moisture during the Ice Age, as at present, was 
greatest towards the west, and consequently in the western tracts the 
independent snow-fields and glaciers were most numerous and extensive. 
Even at the presdht ffme, the glaciers of the western part of the Alpine 
* Peach and Horne, Brit. A$toc. 1892, p. 720. 
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chain are larger than those farther east At the time of the northern 
ice-sheet a similar local difference existed. The present snow-fields and 
glaciers of these mountains, large though they are, form no more than 
the mere shrunken remnants of the great mantle of snow and ice which 
then overspread Switzerland. In the Bernese Oberland, for example, 
the valleys were filled to the brim with ice, which, moving northwards, 
crossed the great plain, and actually overrode a part of the Jura 
Mountains ; for huge fragments of granite and other rocks from the 
central chain of the Alps are found high on the slopes of that range of 
heights. The Rhone glacier swept westw'ard across all the intervening 
ridges and valleys, and left its moraine-heaps in the valley of the Rhone 
whore rayons now stands. At the same time the high grounds of the 
Lyonnais, Beaujolais, and Auvergne (lat. 45'' S.) had their glaciers. 
Others flourislied on the Iberian tableland, at least as far south as the 
basin of the Douro (lat. 4r). Eastwards in corresponding latitude.s 
glacier relics become scantier and disappear. The Vosges ])ossessed a 
group of glaciers which have left behind them some beautifully perfect 
moraines. L(;ss extensive were those of the Black Forest, Sudetongebirge, 
and Carpathians. No trace of glaciation has been detected in the Balkans. 
A similar relation between snowfall and glaciation is traceable in North 
America, but there it is the eastern area which supported the massive 
ice-sheets, while the western plateaux and mountain-rangivs, which were 
probably then, us now, comparatively arid, had only valley -glaciers. 

, That the ice in its march across the land striated even the hardest 
rocks by means of the sand and stones which it ])ressed against them, is 
a proof that, to some extent at least, the terrestrial surface must have 
been at this time abraded and lowered in level. How far this erosion 
proceeded, or, in other woixls, how much of the undoubtedly enormous 
denudation everywhere visible over the glaciated parts of the northern 
hemisphere, is attributable to the actual w«)rk of land-ice, is a problem 
which may never be satisfactorily solved. There seems good ground for the 
belief that a thick cover of rotted rock — the result of ag(*8 of previous sub- 
aeriaA waste — lay over the surface, and that the “glacial deposits" consist in 
great •measure of this material, moved and reassorted by ice and water 
(pp. 458, .552). The land, as above remarked, hml the same general 
features of mountain, valley, ftud plain as it has now, even before the ice 
settled down upon it. But the prominences of solid rock reached by 
the ice were rounded off and smoothed over, the pre-glacial soils with tht; 
covering of weathered material were in large mctisure ground up and 
pushed away, the valleys were corresjx)ndingly dee})encd and widened, 
and the plains were strewn with ice-borne d6bris. It is obvious that 
the influfmeo of the moving ice-sheets has been far ‘from uniform upon 
the rocks exposed to it, this variation arising from differences in the 
powers of resistance of the rocks, on the one hand, and in the mass, 8loi)e, 
and grinding power of the ice on the other. Over the lowlands, as in 
Central Scotland and much of the north German plain, the rocks are 
for the most part concealed under deep glacial d^blis. ^ But in the more 
undulating hilly ground, particularly in the north and north-west, the 
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W^ected the moet exttmordiniry abraiion. It is hardly possible, 
mdted, to describe adequately in words these I'egions of most intense 
glaciation. The old gneiss of Non^-ay and Sutherlandshire, for oxainple, 
has )>een so eroded, smoothed, and iKdishcd that it stands up in endless 
rounded hummocks, many of them still smooth and curved like dolphins’ 
backs, with little jkkjIs, tarns, and larger lakes lying in kisins of the Imre 
rock between them. Seen from a height the grotind apjk'ars like a 
billowy sea of cold grey stone. The lakes, ejich occupying a hollow of 
erosion, scent scattered broadcast over the landscape. So enduring is 
the rock that, even after the lajme of so long an interval, it retains its 
ice-worn aspect almost a.s unimpaired as if the work of the glacier had 
been done only a few generations since.* The abundant snmothetl and 
striated rock-ltasin lakes of the northern jtarts of Europe and North 
America are a striking evidence of icc action (pp. r>r>U, The 

phenomenon of “giants’ kettles,” charaeteristk: of many glaciated r(K‘k* 
surfaces (p. 551), is another mark of the same process of erosion. 

Icc crumpled and disrupted IJoeks. — While the general surface 
of the lan<l lia.s been abraded by the ice-sheets, more yiehling jwtions of 
the rocks have been broken f>lf, bent back, or corrugated by the pressure 
of the advancing ice (pp. 548, CGh). Huge blocks 500 yards or more 
in length ha\c been bodily displaced and launched forward on glacial 
detritus. Such are some of the enormous masses of chalk displaced 
and imbedded in tlic drift of the (Vomer elifls, and the tran8|K>rted 
shect-s of Lincolnshire Oolite found in Leicestershire.^ The lamina* of 
shales or slates are observed to Ik* pu-shetl over or crumpled in the 
direction of ice movement. Occiisionally tongues of the glacial detritus 
which wa.s simultaneously being pre.s.'jcd forward under tlu* ice have 
been intruded into cracks in the stratfi, so as to resemble veins of 
cniptive rock,** 

Detritus of the Ice -sheet. — IVidcnicath the great ice-sheet, 
anti probably partly incorporated in the lower jmrtions of the ice,* 
there accumulated a mass of earthy, sandy, and stony matter (till, 
boulder-clay, “ grundmoriine,” “ moraine- profonde,” “older diluvium”) 
which, puslied along and ground uj), was the material wherewilh the 
characteristic flowing outlines and smoothed, striated stirfaces were 
produced.^ This “glacial drift” spreads over the lt)W grounds that 

‘ Some of these rucht^ mouti/tinfcs in N.W. .S<-nt)HiMl may Ihj of I'nb'ozoie affe, uiid the 
Torridonian breccia-s ■which cover them liave a siiigularl> “xlaeial ” :o.j>eel (.Vw/arr, August 
1880, aud ante, p. 891). 

^ Mr. Fox Straugways haa noticed one such aheet near Melton whicii ineiisureN at leaMt 
300 yards in length by 100 in breadth, but may extend beneath the >Mmldcr-clay to a 
greater distance. RejMi of (»W. Sure VniUd Kingdom for 1892, p. 249. 

’ On the disruption of the Chalk below the Till of Cromer see C. Reid on ‘^Jeology of 
Cromer,’' Menu Ged. Surv. 1882. For analogoua phenomena at Moens Klint, off the coast 
of Denmark, see Johnstrup, K. D. G. O. xxvi. (1874), p. 633. Compare also U. Credner, 
op. ciU xxxii. (1880), p. 76. F. Wahnschaffe, op. cil. xxxiv. (1882), p. 562. 

* Brilckner, Penek*$ Geographieche Abhandl. Band I. Heft 1. 

* As above suggested, jftm materials of the till, at least at the Ijeginning, may have con- 
sisted largely of a layer of decomposed rock due to prolonged pre-glacial disintegration. The 


were buried under the northern ke-^beets^ reerii^ ueiudl^ oiyiurfMet 
of rock that have been worn emooth» disrupted, or crumpled bjriee.^ It 
is not spread out, however, as a uniform sheet, but varies greatly in 
thickness and in irregularity of surface. Especially round the moun- 
tainous centres of dispersion, it is apt to occur in long ridges drums,” 
or “ drumlins ”), which nm in the general direction of the rock-striation, 
that is, in the path of the ice-movement. It may be traced up many 
valleys into the mountains, underlying the moraines of the later glacia- 
tion. In other valleys, it has been removed by the younger glaciers. In 
most glaciated countries the boulder-clay is not one continuous deposit, 
but may be separated into two or more distinct formations, which lie one 
on the other, and mark distinct and successive periods of time. 

In those areas which served ^ independent centres of dispersion for 
the ice-sheet, Ismlder-clay partakes largely of the local character of the 
rocks of each district where it occurs. Thus in Scotland, the clay varies 
in colour and composition as it is traced frdm district to district. Over 
the Carhonifcrous rocks it is dark, over the Old lied Sandstones it is 
red, over the Silurian rocks it is fawn-coloured. The material of the 
deposit is generally an earthy or stony clay, which in the lower parts is 
often exceedingly com|)act and tenacious. The higher |K>rtions are 
frecpiently loose in texture, hut alternations of hard tough clay and more 
friable material may he met with in the same de|wsit In general, 
bouldcr-clay is unstratified, its materials being irregularly and tumultu- 
ously heaped together. But nnlc traces of bedding may not infrequently 
be detected, while in some cases, especially in the higher clays, distinct 
stratification or intercalated seams of sand or gravel may bo observed. 

The great majority of the stones in boulder-clay are of local origin, 
not always from the immediately adjacent rocks, but from points 
within a distance of a few miles.* Evidence of transport can bo gathered 
from the stones, for they are found in almost every case to include a pro- 
portion of fragments which have come from a distance. The direction 
of transport indicate<l by the percentage of travelled stones agrees with the 
traces of ice-movement as shown by the rock-striae. Thus, in tlio lower 
part of the valley of the Firth of Forth, while most of the fragments 
are from the surrounding Carboniferous rocks, from 5 to 20 per cent 
have come eastward from the Old Ked Sandstone range of the Ochil 
Hills — a distance of 25 or 30 miles ; while 2 to 5 per cent are pieces of 
the Highland rocks, which must have come from high grounds at least 
60 miles to the north-west The farther the stones in the till have 
travelled, the smaller they usually are. As each main mass of elevated 

manner in which the glaciers of Spitzbergeu and Cireenland involve and press forward and 
upwanl tKe detritus beneath them, has been described at pp. 544-548. That the ice can 
override soft deposits without illsplacing them, has l>een noticed in Alaska, and a remarkable 
example of the occasional and sometimes e.xtensive preservation of undisturbed loose pre- 
glaoial deposits under the till is presented by the “ Forest-bed " group, which has escaped 
for so wide a apace under the Cromer cliffs, with their proofs of enormous ice movement 

^ See K. D. Salisbury, “The Iiocal Origin of Glacial Drift, "v^oufr. ©eoi, viii. (1900), p. 
420. This general local origin ia as marked in Canada and tlie Daited States as in Eoropt. 



to liavo thd ke to move outward from it for a 

corteii^iataiioe, until, the stream coalesced with that descending from 
some other height^ the bottom-moraine or boulder cla>% as it was pviahed 
along, would doubtless take up local debris by the way, the detritus of 
each district becoming more and more grounil up and mixed, until of the 
stones {i*om remoter regions only a few hai*der fragments might l>e left. 
In cases where no prominent ridges interrupted the march of the ice- 
sheet, and where the ground wsis low and covered with soft loose 
deposits, blocks of hard crystalline rocks might continue to bo recognis- 
able far from their source. Thus in the stony clay and gravel of the 
plains of Northern (Germany and Holland, besides the abundant ka'ally- 
derived detritus, fragments occur which have had an uiiquestionahly 
northern origin. Some of the n>cks pf Scandinavia, Finland, and the 
Upj)er Baltic arc of so distinctive a kind that they win be recognisetl in 
small piece.s. Tlie peculiar syeniUi of Liurwig, in the soutli of Norway, 
has been found abundantly in tiie drift of Denmark ; it occurs also 
ill that of Hamburg, and has been detectcil even in the boulder clay 
of the Holderness cliffs in Yorkshire. The well-known ihomhenporphyry 
of Soiilhcrn Norway hjis likewise Wn recogni.sed at Cromer, in Holder- 
ness, and around f)ambridgc. Fmgmcnts (»f the Silurian rocks from 
Gotliluiul, or from the Kussian islands Dago or OeseJ, are scattered 
abundantly through the drift of the Nortli (lerman plain, and have been 
met with as far jw the north of Holland. Pieces of granite, gneiss, 
various schist'^, porphyries, aiul other rocks, probably from the north 
of Kuro[)e, occur in tlie till »)f Norfolk.* Tliesc transjauted fragments 
are an impressive testimony to the movements of the northern ice. No 
Scandinavian lilocks have l)ecn met with in Scotland, for the Scottish 
ice was massive enough to move out into the basin of the North Sea, 
until it met the northern ice-sheet streaming down from Siaiidinavia, 
which was thereby kept from reaching the more northerly jjarts of 
England. 

Tfie stones in hrmlder-elay have a characteristic form and surface. 
They are usually oblong, have one or more flat sides or “soles,” are 
smoothed or polished, and have their edges worn round (Fig. 159). 
Where they consist of a fine grained enduring rock, they are almost 
invariably striated, the stria? running on the whole with the long axis of 
the stone, though one set of scratches may be seen crossing and partially 
effacing another, which would necessarily })apt)cn as the stones shifted 
their position under the ice. These markings are precisely similar to 
those on the solid rocks underneath the lioiildcr-clay, and have manifestly 
been produced in the same way by the mutual friction of rocks, stones, 
and grains of sand as the whole mass of debris was being steadily pushed 
on in one general direction. * 

As above remarked, bouldcr-clay is not always a single continuous 

* These erratics, from their petrographical chararters, Rp]iear to me to be certainly not 
from Scotland. Uatl that been their source they could not have failed to l;e »ccom^ 
panlnd by abundant Iragi^ta of the rocks of the sooth of Scotland, which are conspicuously 
abMttt 8 m V. Madsen,^. /. f/. A xlix. (1893), p. 114. 
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deposit On the contrary, when a sufficiently large extent of it is e^aimned, 
evidence can commonly be found of two or more distinct mvinons. 
These are separable from each other by differences of colour, composition, 
and texture, sometimes by an intercalated deposit of another kind. An 
attentive study of them shows that they have been formed successively 
under ice-sheets moving often from different directions and transporting 
different materials. Their limits of distribution also vary, the lower and 
older subdivisions extending farther south and spreading over a wider 
area than the upper. 

It has occasionally happened that during the movements of the ice a 
series of boulders near each other and about the same general level in the 
boulder-clay have been all scored and striated in the same direction. 
Such “striated pavements” were first noticed in Scotland by Milne Home 
and Maclaren,* and afterwards by Hugh Miller and others. They prob- 
ably indicate intervals during which the ice may have been stationary 
or oven retreated, and after which it again advanced, ploughing its way 
through the overlying detritus down to the platform on which these 
boulders had been deposited. 

The boulder-clay has been regarded as a characteristically unfossili- 
ferous deposit. In maritime districts, indeed, it has long been known to 
contain lirokon marine shells, and as the harder fr.agments of these shells 
are often striated, the opinion has gained ground that their presence 
proves the ice-shect to have crossed parts of tlie sca-bed and io have 
ploughed up the sea-floor. Further research in recent years, however, 
has shown that minute marine organisms are much more widely dis- 
tributed in the deposit than had been believed. Foiaminifera have been 
obtiiined from the clay from a wi<lo rcgioTi of Scotland at all heights up 
to 1061 feet above the sea. Similar microzoa have been obtained from 
the houlder-elays of the west of Kngland, wliile in Canada theyTiave been 
found in boulder-clay at heights of 1850 and 1900 feet near Victoria on 
the Siiskatchewan river, far in the heart of the continent.^ The question 
of the extent of the glacial submergence is discussed at p. 1317. 

Interglacial beds, — That the deposition of boulder-cky was 
iuterruptetl by milder intervals, when the ice, partially at least, retreated 
from the land and allowed trees and other vegetation to grow up to 
heights of 800 or 900 feet above the sea, was first proved for Britain by 
observations at Chapel Hall, Lanarkshire.® During the forty years 
which have intervened since these observations were published, a large 

* D. Milne Home, Tntns. R, S. Ediu, xiv. (1838), p. 310; C. Maclaren, ‘Geology of Fife 
and the Lothiaus,’ 1830; Hugh Miller, ‘Geology of Edinburgh and its Neighbourhood,’ p. 
35 ; Hugh Miller (son), Proe, Roif, Phys. iioc. Edin. vii. (1884), pp. 156-189. An instance 
from Wilson, New York, Is described by Mr. G. K. Gilbert, Juuni. Gtvl. vi. (1898) p. 771, 
who suppoSes that the boulders were pressed into their present positions by the later eroding 
ice-sheet. 

* See, for Scotland, J. Wright, Twow. tteof. Soc. Glasgow, 1894, pp. 268, 270 ; J. Smith, 

Brit Assoe. 1896. For west of England, T. M. Reade, Geol. Mag. 1892, p. 310; 1896, 
p. 642 ; Proc. Liverpool (ltd. Soe. 1893, p. 86 ; 1899, p. 350 ; Q. J. G. S. liii. (1897), p. 341. 
For Canada, 0. M. Dawson, Jonm. Oed. 1897, p. 257. ^ 

* A. G. Tram. Gtd. Soe. Glasgow, vol. L Part ii. (1863). 
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4mbaiit of iMitlituMml infoimiion on this tubjoet his been collected in the 
Brititlft8lan(l8» on the'^continent of Europe, end in North America. The 
boulder-clays are now well known to split up with inconstant and 
local stratifications of sand, giuvel, and clay, often well stmtified, pointing 
to conditions quite distinct from those under which ordinary boulder-clay 
was aceumulaUKi. These intercalations have l>cen recognised as bearing 
witness to intervals w'hon the ice retired and when ordinary water-action 
came into play over the ground-moraine thus exposed. Much controversy, 
how'ever, has arisen as to the chronological value to be assigned to these 
intervals. To some geologists the intercalations in the b»)ulder-clay 
appear to indicate little more than seasonal variations in the limits and 
thickness of the ice sheets, such as now affect the glaciers of Scandinavia 
and the Alps. To others, again, they furnish proof of successive inter- 
glacial periods by which the long Ice Age was biokcn up. Thus Pro- 
fessor Jame.s Geikic, recently reviewing the whole evidence on the 
subject, has come to the conclusion that there wore really in Europe six 
glacial intervals embraced within what is called the Glacial Period, 
sepfiraU'd from each other by hve interglacial jwjriods of mild tempera- ^ 
ture. Thessc he arranges and names fw in the subjoined table : ’ — 


11. Upper Turt)ariaii or 6lh (Jlartal E|»CH h, iudicaU‘<l the dt-poiiU of peat which 
mi'lerlif the lower ruiM'd Ijcachen. 

10. Upper ForeNiiun or 5th luterjjlaiud E|»oeh, hhowii \.y a hnned forest, with a 
fauna mid flora uulicative of a temperate aud dry climate. 

0. Lower Turbariati or .5th (Ikcial E{MK'h, repreKeute*! by certain peat deponiU 

overlying the lower Korest-bed, by the Carse-i lays and raineil lieachea of Scot- 
land, and m part by the LifO^ruio-claya of Scandinavia. 

8. Lower Forextiau or 4th Interglatlal KiHu h, einbracing the great fre»h-water 
lake of the Baltic area (.t ary/i/.s-l)edN;, the lower foresta under peat boga, 
and the /M tori rut -dnyH of Scainliuavia in jiart. 

7. Mccklenbiirgian or 4tli (Uncial Epoch, especialiy diapla>ed in the ground-moraiuea 
and tenmn.al moraines of the last great Baltic glacier, which reach their Houtlieni 
limit 111 .Mecklenburg ; to the aame stage arc ahsigned the Fo^'/ta-b«dH of 
.Scamlinavia aud the 100 feet teirace of Srotlaml. 

6. Neiideckiaii or 3rd Interglacial Epoch, represented by marine and freah-water 
deposits between the boiilder-clayH of the southern Baltic coast-lands. 

5. Pulandiaii or 3rd (ilacial E|)och, repiesented by the glacial and Hiivio-glacial 
a*’camulati()us of the minor Scandinavian ice-sheet, ami the “ Ujukt boulder- 
clay ” ol northern and weatern EiirojK:. 

4. Helvetian or 2nd Interglacial EikkIi, represeute*! by the lignites of Svitner- 
land, the interglacial l>ed« of Britain, 4rc. 

3. Saxouiau or 2nd Glacial Eiioch, including the nrcumulatioiis of the penml of 
maximum glaciation, when the northeni ice-sheet extended to the low grounds 
of Saxony, and the Alpine glaciem forme«i the murames of the outer rone, 

2. Norfolkiaii or 1st Interglacial Epoch, typically represeiite<l hy the Forest-lwd 
senes of Norfolk. 

1. Scanian or 1st Glacial Epoch, repreaented only in the souUi of Bweden (Scania), 

which was overridden by .a large Baltic glacier. To this perioil may Irelong the 


* Journ. Hevl. iii. (1S05), p. 241. This cUasiheatmn is here given as an illiistiation of the 
more detailed schemes of subdivision which have been proposed. But its applicabi/ity to the 
north of Europe has been called in ({uestion. Ih^fessor Keilhack and his colleagues on the 
Prussian Geoloi^cal Survey are of opinion that the ground -moraine called the Upper lioulder- 
day shows no proof of belonging to more than a single ice-«|»och (ojp. cit. v. (I8h7), p. 118), 
while N. 0. Holst maintains that there has l»een only one glacial perio*l in Sweden (.9r«r^. 
QtoL Underp'jff. ser. Q|No^51, 1895; traoilated Into German by Dr. W. Wolff, Berlin, 
J. Springer, 1899). 
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ChiUesford CUy atul Weybourn Cng of Norfolk, mui the oldflft 
moraines and Hnvio-glacial gravels of the Arctic lands.^ 


Much difficulty in forming definite conclusions as to the importance 
of these obvious interruptions in the deposition of the boulder-clay 
arises from the absence of continuous sections wherein the order of 
succession of the several stages of the glacial history can be demonstrated 
by visible relations of superposition. A section at one locality has to be 
correlated with another at a greater or less distance, and assumptions 
have to be made as to the identity or difference of the various deposits. 
The evidence of fossils can hardly be said to be available, for it is so 
fragmentary as to have given hitherto little aid in determining the 
chronology of the do|)osit8 in which it occurs. The most successful effort 
to utilise the marine shells of the late glacial and postglacial deposits 
for purposes of stratigraphical subdivision and correlation is that of 
Prof. Brdgger in the Christiania district.- 

Tho existence of two <listinct deposits of Ixiulder-clay, which has 
been found to be so widely recognisable, with an intervening group of 
sands, gravels, clays, and peat beds, may be Uken to afford good proof of 
two advances and retreats of the ice-sheets, with an interval of milder 
climatal conditions between them. The lower boulder-clay probably marks 
the greatest extent of the ice. 'Phe upper boulder-clay shows that 
though the ice on returning attained huge dimensions and formed con- 
tinuous ice sheets over much of Northern Kurope,it did not descend as far 
as at first. Yet while these two main epochs of maximum cold appear to 
be satisfactorily established, there seems no reason to doubt that each of 
them may have included minor fluctuations in temperature or in snowfall, 
so that the ice-sheets may have alternately or intermittently advanced and 
retreated over considerable tracts of coimtry. The ground-moraine, when 
thus laid bare, may have been reasaorted by water, arising from the melt- 
ing of the ice or of snow', so that as the ice once more moved forward, it 
here and thei e pushed its detritus over the aqueous dei)osit8 of the milder 
interval. But the contrast between the lower and upper boulder-clay in 
composition and extent shows that the interval which separated them 
was probably of prolonged duration. That there is here evidence of at 
least one important interglacial period is generally, though not universally, 
admitted. But many able observers do not consider that the evidence at 
present known warrants us to advance further, and they refuse to recognise 
the multiplication of such periods as has been proposefl. It certainly 
seems safer, when the scattered state and uncertainty of the correlation of 
the deposits arc considered, to suspend judgment on this subject and to 

^ Professor CIuunljerHit lias proposed an analogous classitication of tlie glacial deposits oi 
the United States, recognising an alternation of glacial and interglacial epochs, Journ. Ocol. 
lii. p. 270. The attention of the student should l>c directeil to the risk of error from th< 
tendency of su^ierflcial glacial de]>osits to slip, and thus to overlie more recent deposits, ami 
produce a deceptive appearance of interglacial alternations. Mr. Clement Reid h:is pointer 
out that some supposed interglacial peat-beds contain the seeils of introduced and cultnroc 
plants, and cannot therefore, a.s now expotterl, lie of the age c aimea for them, f/eof. Mag 
ISO.*!, p. 217. * Oite«l on p. 1302. 
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conlsatii with the raopgiittioii meanwhile of one great interglacial period. 
The beet evidence for such a period is supplied by layers of sand, gravel, 
or stratified clay intercalated in the boulder-clay or moraine deposits, and 
accompanied with beds of peat or lignite, and an association of the 
remains of terrestrial plants anti animals, sometimes with fresh water 
shells. Such intercalations are widely distributed between the lower and 
upper boulder-clays of Britain, and in the older moraine series of 
Switzerland. Obviously, however, deposits of the same age may survive 
outside the glaciated regions, though there may W no very reliable means 
of establishing their correlation. Thus the oltler alluvial terraces of the 
south of England and north-west of France, with their remains of extinct 
mammals and human implements, have heen regarded as eipiivalents of 
some of the interglacial deposits. 



Fig. 4iil. -Xuiiitutli nuvtfuint) 

Kroiii tli« Hkfifiloii u) the Muhci- Hoyal, nriiHN«'U (iiiucli 


Flora and Fauna of the Glacial Period. — As great oscillations of 
climate took place during the Ice Age and in some wises proUably la8tc<l 
for a long time, the plants and animals Is^th of land ami stwi cuuhl hardly 
fail to Ije seriously affected. Diiring the cold intervals northern forms 
would probtibly migrate southwards, and in the ivarmer epismies southern 
forms would push their >vay northward. Among the distinctively Arctic 
or northern plants may be cited Salix polati% S. reticuluUtf liduhi mna, 
Dryas octopelnla^ and numerous mos.sc8, such as Hryinn l(tcmlrf> and llypinm 
caUiehroum. The Arctic terrestrial animals include the mammoth (Fig. 
491), woolly rhinoceros, musk-sheep (Fig. 492), reindeer (Fig. 496), Arctic 
fox, and lemming. • 

The marine invertebrate fauna shared, though in a less degree, in the 
effects of the meteorological and geographical changes. During the times 
of great cold northern species found their way southwards, some of them 
even as far as the basin of the Mediterranean. Mollusks and foraminifera, 
now only living ii» hidf Arctic seas, then fiourished abundantly over the 
tabmer^ south of Irorway, such as Ptdm, islandicuSf Portlandm {YoUlia) 



1816 wpo9, vntMn x 

aretieat Nuctdana (Ledaypemula, Tellina {Maeoma) eakarea (^lata), Saxicava 
arciieaf PohjHtmella ardica. Among the immigrants into Britain were Peden 
islandicfuSt Tellim (Mac&ma) ealcurea^ Portlandia (Yoldia) ardica^ and a 
number of others (Fig. 494). These flourished while the cold lasted, but 
were eventually killed off as the temperature rose, and are now restricted 
to Arctic waters.' The marine vertebrate fauna was characterised by 
the presence of species which have long retreated to the far north, such 
as tlio Arctic seals, whales, morse, and others. Thus from the higher 
raised beaches and glacial brick clays of Scotland the remains of the 
Arctic floe-rat (Pboca hispida) have been obtained at a number of places.*^ 

During interglacial conditions the climate in the northern parts of our 
hemisphere was probably more equable and mild than at present, with a 
higher mean temperature and at certain intervals a greater precipitation 
of moisture.* From the general aspect of the flora and fauna preserved 
in interglacial deposits in Britain it may perhaps be inferred that there 
was then more sunshine than now. Mr. Reid has suggested that the 
scarcity of thoroughly aquatic mollusks and of fish indicates that during 
some stages, at least, the climate, while colder than at present, was 
dry rather than moist.* As a result of more favoumble meteorological 
conditions vegetation flourished even far north where it can now hardly 
exist. The frozen tundras of Sil)eria appear then to have supi)orted 
forests which have long since l>een extirpated, the present northern limit 
of living trees lying far to the southward. Indications of a more equable 
and milder climate are likewise supplied by the plant-remains found in 
Pleistocene tufas of different parts of Europe, where species now restricted 
to more southern countries were then able to flourish, together with those 
which are still native there.* 

The interglacial terrestrial fauna was marked more especially by the 
presence of the last of the huge pachyderms, which had for so many ages 
been the lords of the European forests and pasture.s. The mammoth and 
rhinoceros, which then roamed over the plains of Siberia and across most, 
if not the whole, of Europe, were probably driven southward by the increas- 
ing cold. They appear, however, to have survived some of the advances 
of the ice, returning into their former haunts when a less wintry climate 
allowed the vegetation on which they browsed once more to overspread 
the land.*' Some of the mammals now restricted to the far north likewise 

^ Valuable lists of the mollusks of the Glacial Period are given by Briigger iu the 
memoir cited ou p. 1302. An ample catalogue of the foramiuifera has been prepared by 
V. Madsen, ‘Meddelelser fra Oansk Oeolog. Forening,’ No. 2, 1895. 

- Sir W. Turner, Jouth, .•!»«<. Phy$wl. iv. (1378), p. 260. 

» J. t?roll, Phil. Mag. 1886, p. 36. 

* He has diacusaed the bearing of past floras and faunas as a whole upon the evolution of 

climate, Science i. (1892), p. 427 ; iii. (1893). p. 367. 

* Nathont, Engler's BotaniacAe Jahrb. 1881, p. 431 ; C. Schruter, ‘ Die Flora der 
Eiazeit,* Zurich, 1883. 

* The mammoth lived in the teighbourhood of the extinct volcanoes of Central Italy, 
which were then iu ihll activity. From discoveries in Finland, it has been inferred that 
the extinction of this animal may not have been much behW liistorical times. A. J. 
Malmgren, Finak, VH. Soc, Fork. xviL p. 139. Consult lloyd Dawkins ou the range 
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found their way into countries from which they have long disappeared. 
The reindeer migrated southwards into Switzerland,* the glutton into 
Auvergne, while the musk-sheep and Arctic fox travelled certainly as far 
as the Pyrenees. As the climate became less chilly, animals of a more 
southern type advanced into Kurope : the jx)rcupine, leopard, African 
lynx, lion, striped and spotted hyicnas, African elephant, and 
hip|)Opotamu8. 

In the non-glaciated regions various deposits containing romaijjs of 
land animals and plants have been tentatively c<»rrelate<l with dilh'rent 
parts of the glacial series, but such coin* 
parisons liavc often only a slender basis on 
which to rest. Such is the ealcarerais 
stindy clay which covers the surface of tlio 
great plains between South Dakota and 
Texas and which has l>een named the 
Sheridan Stage (hkjuus beds) from its 
development in Sheridan County, Nebraska. 

In that State, a remarkable ^issemljlage of 
mammalian remains has been obuined near kik. -u'-i-ikwk \i.*w of sUuii of Muik- 
Hay Springs comprising horses, camels, a OJfru k 

variety of the mammoth and a sloth, to- 

gether with the remains of prairie dogs, gophers, field mice, and musk- 
rats — forms still living on the neiglibouring plains.- 

Kvidcnces of Submergence.^ — Reference hjw been made in the 
foregoing pages to the probability that at the time of maximum glaciation 
the land in northern Europe and America stood at a higher level than it 
does now, and to proofs of subsequent submergence. The presence of 
marine shells and forarainifera in the boulder-clay has been held by s<jme 
observers to indicate the marine origin of the clay in which they lie, and 
thus to demonstrate the former submergence of the land at least below 
the upper limit at which they have been found. By other geologists 
these organisms in the boulder-clay are believed to have Ifeen 
pushed out of the sea floor by the ice-sheets and carried up over the 
land. Obviously the natural interpretation of the occurrence of marine 
organisms is that the deposit containing them has been laid down 
on the sea-bottom, from which it has subsefjuently enfcrged as land. 
There are conditions, however, in which the materials of the sea-befl may 
conceivably be spread over the land without any oscillation of the litho- 
sphere. We have seen that in the great Oreenland glaciers there is a 

of the mranioth in Apace ami time, V. J. U. .V, xxxv. (187P), p. 13S ; an<l Bir H. Howorth, 
Gtol. Mag. 1880 ; * The Mammoth auU the Flooti ’ and ‘ The Gla* ial Nightmare.' • 

^ On the distribution of the reindeer at present and in older time, nte C. Stnickrnann, 
XeiUch. Deutsch. Oetil. Het. xxxii. (1880), p. 728. 

* W. D. Matthew, Bvll. .Iwier. J/w. HiM. xvi. (1902), p. 317. 

» See Preatwlch, Phil. IVnnx. vol. clxxxiv. (1893), A. pj». 903-984 ; J. U. S. xlviil. (1892), 
pp. 268-843. D. Bell, Trani Oeol. Soc. (il/agow, 1889, p. 100 ; 1892, p. 321. T. Mellanl 
Reade, Geol. Mag. 1^2, i^lO ; 1898, p. 19 ; 1896, p. 642 ; Natural fkieurt, Decemlair 
1893, and papers cited onnaier pages. 
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marked transport of detritus from the bottom to the surface of the ice. 
Where a thick ice-sheet crosses a shallow sea this kind of transport may 
still continue and may result in the enclosure and removal of more or 
less mud, sand, stones, and shells from the bottom of the sea.^ As the 
ice is pushed out of the marine basin by the pressure of the mass 
behind the marine detritus may be carried up upon the land. Those 
who adopt this explanation of the marine organisms in the boulder- 
clay point in support of their views to the universally broken and even 
comminuted condition of the shells and their frequent striation, to 
the constant separation of the valves of the lamellibranchs, to the 
absence of deep-water forms which must surely have been living in 
the adjoining seas, and to the remarkable commingling of living shallow- 
water species with others that have long been extinct.^ It must be 
admitted that during the Glacial Period ice-sheets filled and crossed the 
sounds and more or less enclosed seas of the northern hemisphere. 
How high they may have been pushed out of the sea-bottom upon the 
land would depend on their mass and the m a tergo that impelled them. 
Whether they could climb as far as the altitudes at which marine shells 
have been found is a question for the satisfactory solution of which our 
pre.sent information regarding the physics of great ice -sheets is in- 
sufficient. 

As already stated, there is good reason to think that at the 
height of the glaciation or some time before it, much of Northern 
Europe and North America stood at a higher level than it has since 
reached. While ice still abounded on its surface the land was gradually 
submerged. 'Fhe ice-fields w’cre carried dow'n below the sea-level, where 
they broke up and cumbered the sea with floating bergs. The heaps 
of loose debris which had gathered under the ice, being now exposed 
to waves, ground -swell, and marine currents, were thereby more or 
less washed down and rea.ssorted. Coast-ice, no doubt, still formed 
along the shores, and was broken up into moving floes, as happens 
every year now in Northern Greenland. The proofs of this phase of 
the long Glacial Period are contained in shell -bearing sands, gravels, 
and clays overlying the coarse older till, and arc perhaps, to some 
extent, furnished by erratic blocks.^ It is difficult to determine the 

^ ^[B.Svse8 of subnmrine clay, aa hiw l)eeti suggested by various observers, may conceivably 
be ploughed out of the sea-bottom and be transported for a long distance without tlie 
ornshing of all their enclosed organisms. 

* W F. Kendall, Mag. 1892, p. 491. 

^ For a sttuly of the late glacial and poet-glacial deposits which chronicle the sncoesiiiTe 
idiases of the submergence, see the memoir of Prof. Bri^iger, already cited, where the 
eubjeot urworked out in great detail in reference to the region of Southern Norway. For an 
account of the diiiperaion of ** erratics," as illustrated by those of England and Wales, see 
Mackintosh, Q. J. d. 3. xxxv. (1879X p. 425 ; and Reports of the Committee kppointed to 
investigate this subject by the British Association, 1872-95 ; since which latter year the re- 
constituted Committee has included Scotland. For tibose of Scotland much information has 
been gathered by the Boulder Committee of the Royal Soci<5'~ of fdinburgh ; Proc. Rog, 
Stic. JUin. 1872 and subsequent yean. Erratic blocks have p^bably in the vast majority 
of oaias been dispersed by land-iea, and not by floating ice. 





extent of the submergence, and no part of the chronicles of the Ice Age 
has given rise to more discussion. Those who hold that the mere 
presence of marine organisms is enough to prove submergence, maintain 
that as sea-shells are found in North Wales and in Cheshire at heights 
varying up to 1200 and oven 1350 feet, the country must have been 
under the sea at least up to those altitudes. Those of jin opposite 
opinion, however, urge that in such circumstances it might liave boon 
expected that there would have been other, clearer and more wide-spread 
evidence of so extensive a general submergence. They therefore look 
upon the marine organisms as having been ploughed out of the sea-floor 
by the ice-sheet. This view might be accepted as a reasonable ex[)lana-< 
tion for the phenomena displayed bn low plains and maritime tracts. 
But it is difficult to understand how the ice could climb out of such a 
basin as that of the Irish Sea, and ascend snch steep slopes as those of 
the Welsh hills up to a height of at least 13ii() feet, or how tlie great 
northern ice-sheet of Canada could advance from the Arctic ()<;ean and 
carry up marine organisms to a height of 1900 feet in the valley of the 
Saskatchewan. 

If the inference be accepted to which the evidence of the submerged 
shell-banks and dead littoral Arctic shcllH on the bed of the North 
Atlantic ap[)e{irs to j)oint, a .stu[>codous subsidence of the lithosphere in 
the northern part of our hemisphere must l»ave occurred since the time of 
maxiiyum glaciation. The sulunergcnce indicated by marine .shells in 
situ on the land would, on this view, represent only the last purl 6f a 
period of sinking. And if the submarine evidence requireii a subsidence 
of perhaps as much jis GOOO or 8000 feet, there may l>e little n‘.'ison to 
dispute regarding the few hundred feet of difference lajtween the limits 
of submergence adopted by the aiiUigoiiists above referred to. If wo 
confine ourselves to the t<’.stimony of marine organisms which lie in 
the positions wherein they lived and died, we obtain a criterion which 
all geologists will accept. Such a criterion is furnished by stratified 
clays and other sediments which represent sea-bottoms. Deposits of this 
character have been recognised over wide <listricts of northern Kurope and 
Canada. Thus clays, sands, and gravels containing an Arctic fauna are 
abundant all round the coast of Scotland at a height of 100 feet. Some 
deposits wherein the northern shells are evidently in situ as they lived 
and died, are found up to heights of about 500 feet. There seems 
therefore no reason to doubt that the submergence reached as far as that 
limit ; how much farther it went must remain for the preserit undeter- 
mined. From the same kind of evidence, southern Sr:an(linavia is 
believed to have been submerged to a depth of from 600 to nearly 800 
feet Prof. Brogger has proposed the term “ Christiania period ” to 
denote the time of submergence, which not improbably coincides with 
the “Champlain period” of American glacialists.* 

The cause of submergence has been variously explained. Some 
writers have supposed that the attraction of the vast masses of ice in the 
northern hemisjgfier^^used a rise of the sea-level in these regions (p. 378). 

' 0^. rit. p. 205. 
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Others have suggested that the load of ice was enough to press down the 
underlying part of the terrestrial crust, which on the disappeamnce of the 
Arctic conditions would rise again.^ A third view regards the movement 
as one of the lithosphere itself. For reasons already assigned 1 regard 
the last interpretation ns most probable, though the influence of the ice 
may possibly have to some slight extent contributed. The instability of 
the surface of the lithosphere during Pleistocene time is shown by the 
fact that some part of the submerged ground was again raised into dry 
land before the end of the Cdacial Period. We know, too, that in 
post-glacial time some of the Arctic lands have been undergoing an up- 
lift, and that the rate of elevation varies horizontally.*^ 

When the land once more emerged from the sea its higher grounds 
continued to be tlie seat of glaciers, which, moving over the surface, no 
doubt more or less destroyed the deposits that would otherwise have 
remained as witnesses of the preseiice of the sea, while at the same time 
the great bodies of water discharged from the rctieating glaciers and 
snow-fields must have done much to reassort the detritus on the surface 
of the land. That ice continued to float about in the seas of northern 
and north-western Kurope is shown by the striated stones conUined in 
the fine clays, ami by the remarkably contorted structure which these 
clays occasionally display. Sections may l)e seen (as at Cromer) where, 
upon perfectly undisturbed horizontal strata of clay and sand, other 
similar strata have been violently crumpled, while horizontal beds lie 
directly upon them. These contortions may have been produced by the 
horizontal pressure of some hesivy body moving upon the originally flat 
beds, such as ice in the form of an ice-sheet or of large stranding msisses 
driven agroui.d in the fjords or shallow waters where the clays 
accumulated ; or possibly, in some cases, sheets of ice, laden with stones 
and earth, sank and were covered up with sand and clay, which, on the 
subseipient melting of the ice, would subside irregularly. Another 
indication at the presence of floating ice is furnished by large scattered 
boulders, lying on the stratified sands and gravels. Though these blocks 
probably belong as a rule to the time of the chief glaciation, they may 
in some cases have been shifted about by floating ice during the sub- 
mergence. 

Second Ct I a c i a t i o n — K e-el e va t i o n — U a i s e d B e a c h e s. — 
When the land rc-emerged, -the temperature all over central and northern 
Europe was again severe. The northern ice-sheet once more advanced 
southwards, but did not agi\in attain nearly the same dimensions. Fi’om 
the direction of the striae, it would appear sometimes to have moved 
differently from its previous couwe, occasionally even at right angles to 
it. In tiie basin of the Baltic, for example, the later direction of the ice- 
stream appears to have been south-westwards and westwards. Besides 
the evidence of this direction furnished by striated rock -surfaces, 

^ Thi> view has been especially advocated by the able Sweilish glacialist Baron G. <le Geer. 
BiUl. (r’tW. Soc. A mer. Ui. (1892) ; Proe. Boston Soc. Sat, Hist, xxv. (1892). See also anU, p. 396. 

* Messrs. Garwood and Gregory, Q. J. ti. S. liv. (1898), p. 2lV). decent oscillations of 
the surface of the lithosphere are referretl to on pp. 348-387, 1329;' 1333, 1344, 1346. 
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ibondant fragment of the fosailiferous Silurian rockti of GotMaiul are 
atrewn over the Germanic plan even as far as flollurid. There seenw no 
reason to doubt that during this second ativaiice of the ice the Scottish 
and Scandinavian ice-sheets were again united over what is now the Hiwr 
of the North Sea It was tlwii that the upper boulder-clay of Britain 
was formed. The glaciers of the Alps once more marched outwards over 
the lower grounds, but witliout deaconding so far as Wforc. Their limits 
are marked by an inner grtiup of inoraiiies. 

From its second maximum the icc-sheet gradually shrank backward, 
though probably not withtmt (occasional jmiuscs and even advanc(‘s. As 
it retrciited from the lower grounds it lost tlic asjKrt of a continuous ice- 
sheet, and when it reached the bases of the mountains it oventuaily 
sejmrated into valley-glaciers radiating from each princi)ial mass of high 
ground. In this condition also there was probably a long })criod 
of oscillation, the glaciers alternately (lc.scciiding ami shriidting Iwick- 
ward, as they still continue to do, with variations in the seasmis. 
In Britain there is abundant evidence of this stage in the history 
of the Ice Age. The Scottish Highlands, being the largest arwi of 
high ground in the country, w'as the chief seat of the icc. Not 
only did every group of mountains nourish its own glaciers ; even 
small islands, such as Arran and Hoy, had their snow-fields, whence 
glaciers crept dow'n into the valleys and shed their nioraines. It would 
appear indeed that some of the northern glaciers continued to reach the 
sea-level even when the land had there risen t(> near or (juite its present 
elevation. On the e<'wt side, of Sutherlaiidshire, at Brora, and on the 
west side of Uoss-shire, at Loch lorridon, the moraines descend to the 50- 
feet raised beach ; at the head of liOch KrilKill, they come down to the 
sea- level and even extend underneath the water, showing that the glacier 
at the head of that fjord actually pushed its vfny into the sea, and no 
doubt calved its icebergs there. 

Another proof of the magnitude of .some of the ice-streanis that tilled 
the valleys of the Scottish Highlands during the later stages of the 
Glacial Period is supplied by the proofs that here and there among the 
loftier or broader snow-fields of the time they accumulated in front of 
lateral valleys, the drainage of which w'as in consequence fxjnded back and 
made to flow out in an opposite direction by the rol at the head (p. 543). 
In these natural reservoirs, the level at which the water stood for a time 
was marked by a horizontal ledge or platform, due partly erosion of 
the hillside, but chiefly to the aiTest of the descending debris when it 
entered the water. The famous “ Parallel Koads of Glen Roy ” are 
familiar examples, but other instances on a gigantic scale have been found 
in the northern United States and Canada (p. 1343). • 

The gradual retreat of the glaciers towards their parent snow-fields 
is admirably revealed by their moraines, perched blocks, and roches 
moutoHiUes. The crescent-shaped moraine-mounds that lie one behind 
another may be followed up a glen, until they finally die out about the 
head, near wh<it tiusb^ave been the edge of the snow field. The highest 
mounds, being the ASt to be thrown down, are often singularly fresh. 



They frequently enclose small lakes or pools of water, which have not yet 
been filled up with detritus or vegetation, or flat peaty bottoms wherft 
the process of Ailing up has been completed. Huge blocks borne from 
the crags above them are strewn over these heaps, and similar erratics 
perched on ice-worn knolls on the sides of the valleys mark some of the 
former levels of the ice. In Britain, the Scottish Highlands, the southern 
uplands of Scotland, the hills of the Lake District and of North Wales 
present admirable examples of all these features. 

On the continent of Europe also similar evidence remains of the 
gradual retreat of the ice. In many tracts of high ground glaciers no 
longer exist. In the Vosges, for example, they have long since vanished, 
but fresh moraines remain there as evidence of their former presence. The 
Alpine glaciers arc the lineal descendants of those which Ailed up the 
valleys and b\iried the lowlands of Switzerland and the Lyonnais. 

Ikiforc the retiring ice-sheet had shrunk into mere valley glaciers, 
and while it still occ\»pietl part of the lower ground, there would doubtless 
be a copious discharge of water from its melting front. As the ice had 
overridden the land and buried its minor ijiequalities, there would be 
great diversity in the level of tiie bottom of the ice, and consequently the 
escaping w’ater would at Arst flow with little relation to the present 
main drainage linc.s. Streams of water might be let loose over the 
plateaux and hilly ridges as well as over the plains. There could 
hardly, therefore, fail to be much rearrangemejit of the general covering 
of detritus left by the ice. In the more important valleys, also, in the 
upper part of which glaciers still lingere<l, there wouhl be a copious 
discharge of water, with the consequent sweeping of much glacial 
detritus to lower levels. In some regions, such as that of the broad 
strath of the Kivor Sjwjy, there seems to have been a combination of ice- 
work and river- transport, the glacier descending in tongues into the 
valleys and l)reaking up into blocks which, during times of more rapid 
thaw, were swept to lower levels and stranded on banks of shingle and 
sand. Sometimes these ice-masses were of considerable size, and when, 
after they had been surrounded by the sediment, they eventually melted 
their sites were marked by deep kettle-hole or cauldron-liko hollows in 
the drift. KSuccossive terraces in the fluvio-glacial drift mark levels of the 
rivers as the volume of water gradually diminished and the channel was 
lowered by the scour of the floods.^ 

To this part of the Ice Age and to the result of the melting of the 
snow-fields, the masses of gravel and sand which over so much of 
Northern Europe rest on bouIder-cIay may with probability be attributed. 
Among these accumulations are the sheets of course, well-rounded gravel 
(plateau-gravel), which, with no recognisable relation to the present 
contours of the ground, are spread over the plains and low plateaux, and 
fill up many valleys. These gravels rest sometimes on boulder-clay, some- 
times on solid rock, and are older than the lower valley alluvia. They 
have evidently not been formed by any ordinary rivei>action, nor is it 

* For an accoaut of the flnvio-glaeial depoeits of Strathspej^ee iflnxnan, iSummary qf* 
I^ngrm ([f Otol. Sutr, 1897, p. 147. 
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Wfy to toe how the tea can have been concerned in their formation. 
They are well developed in Norfolk and adjacent tracts of the south-east 
of England, where they consist mainly of well-rounded flints (cannon-shot 
gravel). 

Still more remarkable are the accumulations of sand and gravel 
known as the “ Kame ” or “ Ksker ” series. Covering the lower ground 
in a sporadic manner, often tolerably thick on the plains, these deposits 
rise up to heights of 1000 feet or more. In some places, they 
cannot be satisfactorily se})aratcd from the sands and gravels associated 
with the boulder-clay, in others they seem to merge into the sandy 
deposits of the raised beaches, while in hilly tracts it is sometimes 
h^ to distinguish between them and true moraine-stutf. Their most 
remarkable mode of occuiTcnce is when they assnnie the form of 
mounds and ridges, which run across valleys and plains, along hillsides, 
and even over water sheds. Frequently these ridges coalesce so as to 
enclose basin-shaped hollows, which are often occupied by tarns. Many 
of the most marked ridges are not more than ."iO or 60 feet in diameter, 
sloping up to the crest, which may be 20 or 30 feet above the jdain. A 
single ridge may occasionally be traced in a slightly sinuous course for 
many miles, as in the case of the famous mound which runs across the 
centre of Ireland.* These ridges, known in Scotland .as Karnes, in Ireland 
as Eskers, and in Scandinavia as (jsar, consist sometimes of coarse gravel 
or earthy detritus, but more usually of clean, wcll-stialifled sand and 
gravel, the stratiHcation towards the surface corresponding with the 
external slopes of the ground, in sucli a manner as to prove that the 
ridges are usually original forms of deposit, and not the result of the 
irregular erosion of a general be<l of wind and gravel. Some writers 
compared these features to the submarine banks formed in the pathway 
of tidal currents near the shore ; but by general consent this explanation 
has long been abandoned. Geologists are now agreed in regarding 
them as of terrestrial origin, connected in some intiinato way with the 
great snow-fields and glaciers. Some observers have referred them to 
the accumulation of detritus in channels or tunnels under the ice.* 
Others have regarded them as due rather to the action of streams which 
flowed at first on the surface of the ice and gradually worked their way 
through it to the bottom.* Nothing quite like true Karnes has been 
observed along the margins of the Greenland inland ice, where they have 
been diligently looked for. It roust be admitted that no wholly satis- 
factory^ explanation of their mode of formation has yet been given. 

Over the tracts from which the ice-sheet retired, lakes arc usually 
scattered in large numbers. Some of these lie in ice -worn basins of 

* See Sollas, Set. Tretni. Roy. Dvblin Sor^ v. (1896), p. 785, where a map of the IrUh 
eaken ia given. 

* This view is well stated by Prof. Davia. Proc. Bo»ton Soc. Nat. Hi*t. xxv. p. 278. 

* This opinion, stated by Prof. N. H. Winchell aa far liack as 1872 (Ann. Rep. OwU 
gamy, Minnetota, 1872, g. 62), has been enforced by Mr. W. 0. Crosby, whose latest 
presentation of tbAnbi<^<t will be found in the American Oeoloyiot, vol. xxix. p. 1 (Jnly 
1902) 
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rock. Where the detritus has been strewn thickly over the ground, 
however, they rest in hollows of the clay, earth, sand, or gravel. The 
origin of these depressions in the drifts cannot be found in any denuding 
operation since the ice left. They are obviously original features of the 
surface, datirjg back to the time when the various drifts were laid .down. 
In some cases they may be due to irregular deposition of the detritus, 
as where successive moraines are thrown across a valley. The small 
pools may sometimes have been originated by the melting of portions of 
ice which had become detached from the main mass, and were surrounded 
by or buried under detritus, like the ice-blocks in the fluvio-glacial series 
alx)ve alluded to. Many small rock-basins may have had their place and 
form determined by that prolonged deep subaerial rotting already referred 
to, while others of large size may be rcferal)le to underground movements. 
But the glaciers, in smoothing and polishing the rocks, wore them down 
unequally, hollowing them into rock-basins, leaving them in prominent 
smoothed domes^ and carrying the same characteristic sculpture over all 
the dunible rocks exposed in the areas of intenser glaciation. 

The emergence of the land in Scandinavia and Britiiin took place 
interruptedly. During its progress it was marked by long pauses when 
the level remained unchanged, when the waves and floating ice cut ledges 
along the sea-margin, and when sand and gravel were accumulated 
below high-water mark in sheltered parts of the coast-line. These 
platforms of erosion and deposit (raised beaches) form conspicuous 
features at successive heights above the present level of the sea (p. 383). 
The coast of Scotland is fringed with a succession of them (Fig. 493). 
Those below the level of 100 feet alx)ve the sca are often remarkably 
fresh. The 100-fect terrace forms a wide plateau in the estuaries, such 
as those of the Forth, Tay, ami snme of the northern firths. As above 
mentioned, its clays conUiin an Arctic fauna, which includes the ringed 
seal or floe-rat (Phom. hispu{a)y the smallest of the now living Arctic seals. 
A terrace at the level of 50 feet is conspicuous also on both sides of 
Scotland, being especially prominent among the western fjords. In 
Scandinavia, especially in the northern parts of Norw^ay, the successive 
pauses in the last uprise of the land are impressively revealed by long 
lines of ten-aces which wind around the hill-slopes that encircle the 
fjords (pp. 384, 386). 

The records of the closing ages of the long and varied Glacial Period 
merge insensibly into those of later geological times. It is obvious that 
besides the effect of a general change of climate operating over the whole 
of the northern hemisphere, we must remember the influence which the 
natural features of different countries had upon the climate. From the 
plains, the ice and snow would retire sooner than from the hills. In fact, 
wo may regard some parts of Europe as still retaining the conditions of the 
Glacial Period, though in diminished intensity, the present glaciers of the 
Alps being, as above remarked, the representatives in continuous succession 
of the vaster sheets that once descended into the lowlands on all sides 
from that central elevated region. And even wti>re the ice has long 
since disappeared, there remain, in the living plants^ and animals of the 
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higher and oolder uplands, witnesses to the former severity of the climate. 
As that severity lessened, the Arctic vegetation, that had spread over 
the lower grounds of central and w’estern Europe, was there extirpated 
Ijefore the advance of plants loving a milder temperature, which had 
doubtless been natives of Europe before the period of great cold, and 
which* were now enabled to reoccupy the sites whence they hjid been 
banished. On the higher mountains, where the climate is still not wholly 
uncongenial for them, and likewise here and there at lower levels, colonies 
of the ortce general Arctic flora still survive. The Arctic animals have 
also been mostly driven away to their northern homes, or have become 
wholly extinct But the remains of the Arctic plants and to some extent 
also of the animals occur in the lacustrine clays, peat mosses, and other 
deposits of the glacial series, e^en down into the heart of Europe (p. 840). 

It has been forcibly pointed out by Mr. Walhu'e that the present 
mammalian fa\ma of the globe presents everywhere a striking contrast 
to the extraordinary variety and great size of the mammals of the 
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Tertiary periods. “We live,” he says, “in a zoologically impoverished 
world, from w’hich all the largest, and flercest, and strangest forms have 
recently disappearetl.” ^ He connects this remarkable reduction w'ith 
the refrigeration of climate during the Glacial Period. The change, to 
whatever cause it may be assigned, is cerUiinly lemarkably j)ersistent 
in the Old World and in the New, and nut merely in the temperate and 
northern regions, .but even as far south as the southern slopes of the 
Himalaya Mountains. 

The cause of the remarkable change of climate during late Tertiary 
and postrTertiary time has given rise to much discussion, but is still with- 
out a completely satisfactory explanation. Some writers have favoured 
the view that there has been a change in the position of the earth’s 
axis (p. 24), or of its centre of gravity (p. 28). Others have 
suggested that the earth may have passed through hot and cold regions 
of space. Others, again, and notably Lyell, have called in the effects 
of stupendous terrestrial changes in the distribution of land and sea, on 
the assumption that elevation of land about the poles must cool the 
temperature of the globe, while elevation round the equator would raise 
it But the amount of geographical transformation thus involved was 


* "Oeographical^iKt'^.^tion of Animalii,’ i. p. 150. 
xlx. p. 827 (3«8). ^ 
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80 great and the evidence for it appeared to be 80 slender that geologists 
generally have been reluctant to accept this explanation. In the difficulty 
of accounting for the phenomena by any feasible operation on the earth 
itself, they by degrees accustomed themselves to the belief that the 
cold of the Glacial Period was not due to mere terrestrial changes, but 
was to be explained somehow as the result of cosmical causes. * 

Sir John Herschel * had already pointed out that the direct effect of a 
high condition of eccentricity of the earth’s orbit is to produce an unusually 
cold winter, followed by a correspondingly hot summer, in the hemisphere 
whose winter occurs in aphelion, while an equable condition of climate at 
the same time prevails on the opposite hemisphere. But as both hemi- 
spheres must receive precisely the same amount of solar heat, because 
the deficiency of heat, resulting from the sun’s greater distance during 
one part of the year, is exactly compensiited by the greater length of that 
season, he considered that the direct efteots of eccentricity must thus be 
nwirly neutralised.’^ Subsequently the question of the effects of eccen- 
tricity was taken up by the late James Croll, who maintained that a 
series of physical changes on the earth’s surface would result indirectly 
from an inciea.se of eccentricity, and that in this way a great alteration 
would be effected in the distribution of terpestrial climates. He thought 
that with the ccceritricity at its superior limit and winter at aphelTon 
the reduction of the midwinter temperature would be so great that in 
temperate latitudes the precipitation would take the form of snow rather 
than rain, that this snow, lying from season to season and year to year, 
would lower the summer temperature, giving rise to fogs that would 
intercept the sun’s rays, that the trade winds and consequently the ocean- 
currents would be weakened or deflected, and thus that a period of extreme 
cold would l>e introduced all over the northern p.irt of the hemisphere. 
He argued further that these conditions would eventually be shifted to 
the other hemisphere when its winter occurred in aphelion, and that there 
would consequtMitly be an alternation between extreme cold and perpetual 
summer. In this way he accounted for the evidence furnished by fossil 
plants that the climate of the Arctic regions was formerly genial, and 
also for the existence of interglacial warm periods.® These views were 
adopte<l anil enforced with additional arguments by Sir Robert Ball,^ and 
they were widely accepted by geologists who were glad to be put in 
possession of what they regarded as a probable solution of difficulties 
which had so long confronted them. 

But meteorologists and physicisU were less confident of the value 
of Croll’s methods and results. Even in his lifetime he had to 
defend his views from the attack of Professor Simon Newcomb,® 
and since his death they have been destructively criticised by Mr. 

^ Tratu. OeoL Soe, vol. iii. p. 293 (2nd series). 

• ‘ Cabinet Cyclop«tlla,’ sec. 315 ; ‘ Outlines of Astronomy/ sec. 868, 

» PhU. Mag. xxviii. (1864), p, 121. His detailed researches wll be found in his volume 
' Climate and Time,’ 1876, and iiia later work ‘ Discussions on rjimate and Cosmology.’ 

* *The Cause of an Ice Ag^' London 1891. 

> See PKiL Mag. for 1876, 1868, and 1884. 
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S. P. Culverwell, who regards them as *^a vagtie speculation, clothed 
lideed with a delusive semblance of severe numerical accuracy, but 
tiaving no foundation in physical fact, and built up of parts which 
lo not dovetail one into the other.” * This writer affirms that CroU ^ 
fundamental assumption that the midsummer and midwinter temponitures 
ire dii^ctly pro[X)rtional to the sun’s heat at those seasons, is not lK)rne 
aut by an appeal to observation. At Yakutsk, for example, whic h may 
be taken as an extreme case of range of temperature, if the excess of its 
midwinter temperature above that of space were due entirely lu the 
midwinter sun- heat, then the midsummer tern j3e rat ure, also arising 
solely from direct sun-heat, should bo r)80U Fahr. al»o>e that of sjwice, 
or if the midsummer excess were due only to the midsummer sun-hcat, 
then the midwinter temperature ought to be - 228 Fahr. ( ah-ulating 
what parallels of latitude now receive tiic same amount of winter sun- 
heat as the parallels of 40^ 50'^, 60'’, 70 , 80', and^OO” recoivcal during 
a time of high eccentricity when winter occurred in aphelion, Mr; 
CHdverwell found that the daily average cjf sun-heat received during the 
winter of high eccentricity by the jwrallel of 40" is now received by 
that of 42 2, and that the parallel of bi" at the present time nK’eives 
the same amount as that of 50'’ did then. He concludes that the 
lowering of the midwinter temjwrature from lat. 50’ N. to 70 N., due 
to diminished winter sun-heat in the epoch of gr^'it eccentricity, cannot 
have been as much as from 3® to 5" Fahr. Such a small decrease could 
not have l)een sufficient to produce a glacial period within these latitudes. 
But it is not certain that the midwinter tem|x5rat!ire would really fall 
during the epoch of maximum eccentricity. 'J’his tcm|>erature, in the case 
of the British Isles, depends not on direct sun heat so much as on the heat 
transported by the Gulf-stream, But during the time of high eccen- 
tricity, the summer temperature of the regions whence that stream 
derives its warmth was greater than it is now, so that it is conceivable 
that, instead of being colder in winter, the British climate may actually 
have been milder than at j)re8ent. 

Thus the failure of the astronomical theory to afford a solution of the 
problem of the Ice Age has left geologists once more face to face with their 
difficulties. But the question is so fascinating that it continues to engage 
attention and to suggest si)eculation. Among the recent attempts to 
deal with it reference may be made here to the hypothesis propo.sc(l by 
Professor Chamberlin on the basis of variations in the amount t)f carbon 
dioxide in the air. Reference has already (p. 36) been made to the 
capacity of that gas for al)aorbing heat and to the effect that might be 
produced on the temperature of the air by even a comjKiratively small 
increase or diminution in the proportion of the gas. The suggt^tiori is 
that wkilc there is a general tendency to the diminution of that proportion 
there arise from time to time conditions, such as great volcanic discharges, 
whereby much carbonic dioxide is supplied to the atmosphere. On this 
view the Glacial Period would mark a time of great depletion of the 'gas, 
while the Arcti% Mic,^ne flora would indicate a time of comparative 
* Old. iiag. 18»5, pp. 8, 65 ; PhU. 1894, p. ,541. 
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enrichraeDt.^ Other geologists have turned back to the idea o! geo- 
graphical changes. That considerable oscillations of the relative levels of 
land and sea took place during the Ice Age has been clearly determined. 
The general result of investigation favours the opinion that the land in 
the early part of that period stood much higher than now over the 
northern regions of Europe and North America. If we accept Ae con- 
clusions drawn from the prolongation of land-valleys upon the sea-floor 
to a depth of many hundred feet, and from tiie distribution of dead 
littoral and shallow-water shells down to depths of 6000 or 8000 feet in 
the North Atlantic, we can see that a vast area of high land would, under 
these conditions, have existed. This higher elevation would undoubtedly 
tend to lower the temperature. Some of the upraised parts of the sea- 
floor might deflect warm ocean currents and thus still further increase 
the cold in the higher latitudes. But no satisfactory attempt has 
yet been made to trace out these changes geographically on actual 
evidence of their having occurred, and to connect them with the 
phenomena of the Pleistocene period.'-^ We must meanwhile suspend 
judgment. Probably no one cause will be found sufficient to explain all 
the difficulties of the problem. But we may hope that from the constant 
and enthusiastic researches in this subject which are in progress over so 
large a portion of the earth’s surface, the solution will eventually be 
attained. 


§ 2. Local Development. 

Britain.’— Though the generalised succession of phenotuena above given is usually 
oh8orval)lc, some variety is traceable in the evidence in different iiarts of the Britislt 

’ Jouru. (tM. V. (1897), p. 653; viii. (1900), pp. 54.5, 667, 752. 

Some suggestive reinurks on this subject by Mr. W. Uphain will be found in the 
Apiiendix to Wright’s * loe Age in North Aiuenoa’ (1889) ; also in lUtU. (ieol. iiuc. .Imjct. 
i. (18vS9) p. 663, X. (1898) p. 5 ; and .hner. (ieol. vi. (1890), p. 3*27, xxix. (1902) p. 162. 

’ Besides the general works and papers already cited, the follow ing special papers in the 
(^mrterly Journal of the (ieUogical Soeiety maybe coiisulteil : Ua/tw’, Mackiutosli, 188*2, 
p. 184 ; T. W. H David, 1883, p. 39 ; T. Mellard Reade, liu. (1897), p. 341. U'. 

Englaml Mackintosh, 1879, p. 4*25 ; 1880, p. 178 ; T. M. Keode, 1874, p. 27 ; 1883, p. 83 ; 
1886, p. 102; 1897, p. 341 ; 1898, p. 58*2; A. Strahan, 1886, p. 369. S.K. England. 
Searles V. Wood, jun., 1880, p. 457 : 1882, p. 067 ; A. J. Jukes-Browne, 1879, p. 397 *, 
1883, p. 696 ; Rowe, 1887, p. 351. XA’. England, ii. W. Laniphigli, xlvii. (1891), p. 384 ; 
P. F. Kendall, Iviii, (1902), p. 471 ; A. R. Dwerryhouse, op. cU. p. 672. Scotland (Long 
island), J. Oeikie, xxix. (1873) ; xxxiv. (1878) ; (Shetlaiid.s) Peach and Home, 1879, p. 
778 ; (Orkneys) 1880, p. 648 ; (Aberdeenshire) T. F. Jamieson, 1882, pp. 145, 160. The 
first detailed account of the Scottish Boulder-clay and later glacial deposits was given by me 
os far back as 1863 in the first volume of the Trans. GeU. Soc. (Hasgou?, already cited. The 
student will find a useful digest of the literature for England up to 1887 in Mr. H. B. 
Woodvranl’s ’Geology of England and Wales.’ The Memoirs and the Summary Progress 
(^ the Geological Survey contain much local detail on this subject The ‘ Papers and Notes 
on the Glacial Geology of Great Britain and Ireland’ (1894), by the late H. Carvill Lewis, 
gives an account of the glaciation as seen by the eye of an American glacialist Mr. W. 
Jerome Harrison’s "Bibliography of Midland Glaciology," Croc. Br^ningham Eat. Hist. 
Phil. Soc. ix. (1895), will be foi;nd of great service for the MUila^ds. 
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«m. Id Seodtndy where the ground ie generally wore elevated » and where snow and 
ice were most abundant, the phenomena of glaciation reached their maximum develop- 
ment. Striae are preserved on rook-surfacos at heights of more than 3000 feet in the 
north west Highlands, and as the fjords and sea outside are in places more than 100 
fathoms deep, tho total thickness of ice in that region may have rcBche<l f»000 feet. In 
the high grounds of England, Wales, and Ireland there was likewise extensive accmnula- 
tion of ic4. The ice-worn rocks of the low grounds are usually covered with boulder- 
clay, which in Scotland is interstratitied w'ith beds of sand, fine clay, and [teat, and has 
yielded marine organisms in the lowland diitricts up to a height of 1061 feet. In 
England, marine sliells and forannnifera, usually fragmentary, occur in the boulder-clays 
both in tho eastern and western counties. The ice-sheet no doubt [mssed over some 
parts of the sea-bottom, and ground up the shell-banks tliat ha[)|tencd to lie in its way, 
as has ha[tpened, for example, in Caitlinoss, Holderness, East Anglia, and throughout 
the basin of the Irisli Sea, where the shells in the boulder-clay are fragmentary, and 
sometimes ice-striated. The “Bridlington Crag" of Yoikshii-e, according to Mesai-s. 
Sorby, Laraplugh, and Reid, is a large fragment torn from a subniarinc shell-clay, and 
imbedded in the l»oulder-clay.* Its shells are strikingly Arctic. 

The depth, extent, and niovenieiits of the great ice-sheet which coverctl Britain have 
been indicated in the foregoing pages. The proofs of tho former presence of the ieo are 
scattered abumlaiitly over thecountiy north of a line drawn fiom tho Biistol Channel to 
the estuary of tho Thainob. .South of that line the ground is fiee from boulder-clay, 
though vaiious (lejiosils, [lo^sibly of contcin[Kirary date, serve to iiniicate that, though not 
hurieil under ice, this southern fringe of England had its own glacial conditions.'* Among 
these is the “ Coombn-rock ” of Suh.‘*cx— a mass of unst ratified rubbish which has been 
referre<l by Mr. Keid to the action of heavy suininor lains at a time when the ground 
a little beloW the surface was j)crniaiieutly fro/.cii. In the glaciated tract one of tho most 
striking features in showing the (Jrcenlaiid-likc ma-ssiveness of tlie irc shcet is furnished 
by the south of Ireland, where the bills of Cork and Kerry have been ground sinooth 
and striated down to the sea, and even under sea-level, detached islets ap[Miaring as 
well ice-rounded rot'hrs mi>\Uonn4e$. There can be no doubt fioin this evidence that 
even in the south of Ireland the icc-sheet continued to l»e so massive that it went out to 
lea as a great w all of ice, piobably breaking off there in iwl»ergs. 

The re«‘ords of the subiiicrsioii of Britain are probably very incomplete. If we rely 
3iily on the evidence of uiitr.mspoitcd maiiiie shells, we obtain the lowest limit of 
lepression. Hut, as above remarked, the mere presence of marine organisms cannot 
ilways bo accepted as conclusive. Tlio renewed ice and snow, after re-elevation, may 
well have destroyed most of the shell-beds, and their dcstiuctioii would Im most com- 
plete where the snow -fields and glaciers were most extensive. Beds of saml and 
gravel with recent shells liave been observed on Moel Tryfaeii, in North Wales, at a 
height of 13o0 feet, but the shells are broken and show such a ciiiiotis comniiiigling 
i)f species as to indicate that they are probably not really in place.* In Cheshire marine 
ihells occur at 1200 feet, in .Scotland they were said to have been obtained at f»24 feet 
in the l)ouldcr-clay of I^nark.shire ; luit an examination of the IfK’slity by a Committee ol 
the British Association has failed to discover any proof of the existence of hliells there.* 
On the other hand, the same Committee reported that at Clava, near InvernesB, a shell 
bearing clay contains abundant foraniinifera and moHusks, including atretic forms 
[!fuc\Uarui [Leda] pcnin/d, SuctUaTia tenuis [Ltda pjgmwa\, Telltm [Macvma] enkarta^ 

* Lamplugh, J. f/. S. xl. (1884), p. 312. C. Reid, “Geology of Holderness," in Mem. 

Survey. 

* C. Reid, /. O. S. xliii. (1887), p. 364. 

* See T. Mellanl Reade, Proe. Liverpool Heol. Sue. 1898, p. 38 ; Report of a ConiniitUe 
cm Moel Tryfaeu, Brit.^$soe. 1699, with a good bibliography of the locality. 

* BrU. Asaoe. 1894. 
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NiUUa pallida and others still common in British asns. The con- 

dition of these remains indicates that they probably lived and died on the spot, 
which is 500 feet above sea level, and that the submergence amounted at least to 
tliat extent.^ S'libsequont elevation of the land has brought up within tide-marks 
some of the clays de|>osited over deetier parts of the sea-floor during the time of 
the submergence. In the Clyde basin and in some of the western fjords, these clays 
(Clyde lifds) arc full of foraniinifera and shells which are unquestionably* in their 
original positions. (7omi»ariiig the species with those of the adjacent seas, we find them 
to Ihj more Isireal in character ; although nearly the whole of the 8|)ecies still live in 
Scottish seas, a few are exU’cmely rare. Some of the more characteristic northern shells 
in these dcjiosits arc reden islatuliauf, Tellitia {Macama) mlatrea^ Fortlavdia glacialis 
(Leda trmicata), Yuldia {Leda) lanceolata^ Fortlandia {Yvldia) arclica, Haxicava niyosa, 
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Fig. 4!»4. - Oroiip <if Shells frow th« Scottish GIhcIbI BpiJs. 

4(, IVctcn ((’hhuiiys) ishiittUcns. Mali. (4); h, I’orLlaiiiHa glftci.iliK, Gniy (4); r, Yohlia laiiceointa, Sow. 
(4); iVIliiiii (.M.aconui) cnlrnrea^^laU, Utncini (4>; f, Siixicuva riigosa, Linn. (4); /, Natica aflinia, 
Oim'liii ( --olautui, linx], aii<l How.)(4); g, Trophon Nculaiiformis, Uoiihl (T. clathiatus) (4). 

I'auoy.ra norvegiot, Troplion scalarifo-nnU (T, dailmdns), and Natica affinis {clausa) 
(Fig. 41M). The clays in which these organisms lie arc often exceedingly fine and 
unctuous, with occasional stones (sometimes striated) scattered through them. This 
material has probably been a glauicr-niud and the stones have been floated otf on ice- 
rafts 

Of the later stages of the Glacial I’criotl, the records are much the same all over 
Britain, allowance Wing made for the greater cold and lunger lingering of the glaeiera 
in the north than in the south, and among the hills than on the plains. 

Ill Scotland the following may he taken as the average succession of glacial pheno- 
mena in descending order : — 

Last traces of glaciers, small moraines at tlie foot of cornea among the higher 
mountain groups. The glaciers lingered longest among the higher mountains of 
the north-west (Highlands, Southern Uplands, and detached islands, such as 
• Arran, Skye, Hoy, Harris, 4c.). 

* Op, cit. 1893 ; set also the Committee’s Report for 1496, wKch contains an account 
of the shell-betls of Camtyre, Jirgyilsbire, at heights varying nfto about 200 feet 
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llariM temoN (50 and higher). Clay-bwU of the Arctic eea bottom (Clyde 
Bode) couUiuing uortheni niollusks. The highest well-uierked and penieteut 
marine terrace proves a submergence of at least 100 f«M>t Iteiteath the preaeut level 
of the land, and its oiganic remains tell that the eluiiate uas still Arctie. 

Large moraines, showing that after the re-emergenee ol the land glaciers descended 
to the line of the present sea-level in the norlli-west of Scotland. Some of the 
igoraines rest upon the 50-feet marine terrace. 

liirratic blocks, chiefly transported by the lirst lce•^lleet, but partly also by the later 
glaciers, and partly by fltwiting i« e <lunng the )H‘rio<l of submeigence. 

Samis and Uiavels --Kanie or Ksker series, soiuetiineh cuntaiiiing terrcHlrial organ- 
isms, sometimeH marine shells. 

Upper Bouhler-clay —rudely stratifie<l elays with samls and gra\el8 ; the stouc.s 
almost wholly from the riK-ks of the eountri, but sumelimeK (basin of Forth) 
lucluthiig pieces of chalk and tliuL 

Till or Lower Boulder-clay (bottom moraine of the ieeHheet)~a stiff stony im- 
stratified clay, varying up to IfiO feet oi metre in thickness. Its contained 
Iwulders and pebble.s are native to the lonntry. and eaii usiuilly Is- assigned to 
their souree. It inclmles batnls eif line shiuI, finely laminated elays, fH-easKUial 
layers of peat and terrestrial vegetation, with Innies of mammoth atnl reindeer ; 
also on the lower grounds and njj to heights of MOO feel or nioiv, di'-js-rsed toia- 
miiiilera together with fragineiitary Arctic ainl Weal inariiie shell.., whieli on nr 
both ill ihe till ami in intercalated lajers of latmiiaU-d clay and sand. The till 
sj»rea<ls over the lower gioumla, often taking the form of riilges or drums 
(drumlins;, which run oii the whole in the lims ol « bief glaciation. 

Ice- worn nx-k surlivces. 

Over a great part of Kiiglaiid and Ireland the drill ileposits are capable of aub- 
division as follow .s : -- 

4. Moraines (North Wales, Lake Distn- t. Ac.) ami yoniigest raised lK‘iu-heM.’ 

IJ. Upper Boulder e!u\ -a stiff stony clay or loam with ue-woni stones and inter- 
calations of sand, gravel, or silt. It occasionally contains marine shells. It 
jiosfobly d<x*s not come south of the Wash. 

2. Middle Sands and (Jravcls, coDtaniing manm* slielU. At Maedesfnbl (12(M) feet 
abo\e the M-a) there have Iwen fonml Mt'i'chtj i'lu»>nr, i'ordiuin nm/irunt, 
{/tdilkilut) Listen, Ttilniu {Marimui) fxu't/iirn, ('t/ftnutt islandica, A^furtt 
f>ormfts, and other sliells now living in the seas aroiiml Britain, but imiicatiug 
jierhups liy their grouping a rather colder climate than the present, (.Wfarvla 
Jtuwtmilia alsninds in some gra\els wliuli nnderhe the upia-r iMMilder-clay. 
Soiit’i ol the Wash it is found in siniilai deposits u\erl>iiig the lower or 
“chalky boulder -1 lay.” In Ireland maiine shells of Ining British species 
occur at heights of UlOO feet alsn'e the s«-,i.' 

1. Lower Boiilder-elu) -a stiff clayey dep->Ml stink lull of iie-wom blocks, ami 
e<|Uivaleiit to tlie Till of S<'otlaiid. On the east coa-.l of England (llolderiiess, 
Lincoln, ami Norfolk) it contains fragnmnls of .Vamlinavian naks ; m jwr- 
ticiilar, gneiss, niica-schist, ijuartzite, granite, .syenite, rfioniU-njairphyr ; also 
piecc.s of red ami block llinl, jirobably fiom Ueuinark, ami of ('arboniterous 
limestone and sandstone, which have donbtles.s travelled from the north.* 
Along the Norfolk crliffs it presents stratified iiilercalationti of gravel and 
.saml, which have been extraonhimnly contorted. As in .Stollainl, the true 
lower boulder-clay in the north of Knglatnl and Ireland in often arranged in 
parallel ndges or drums iu the prevalent line of ice-movement. Ah nlnive 
mentioned, tlie ‘‘crag’' of Bridlington, Yorkshire, is probably a rrogtiient of 
an old marine glacial shell -liearing clay, tom up and imbedded in the Ixmlder- 

* In Gower, ijouth Wales,- Mr. Tiddeiriau lias shown* that the raisHl i>ea<di there over- 
spread with various glacial deposits. Ut^d. Mag, 1900, pp. 440, 528. 

On this characteristic form ot till, see U. B. Woodwanl, iiad, Mag. 1897, ]•. 485. 

* On the Irish shell- liearing drifts (“manure gravels of Wexfonl ”) see B»*|Kirts of Com- 

mittee ; Brit. Aasoc, 1887-1890; W. J. Hollas and R. I* Fraeger, IrUk SahiraliMtf fii. 
(1894), pp. 17, 161, 194 ; iv. (1J95), p. 821 ; T. Mellanl Rea.le, /'w. Llrrrpotd V«g. Soc. 
1898-94. • 

* V. Madsen, Q. J. *i. A^lix. (1893), p. 114. 

ta 
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clay of the Ant ice^sheet. The Arctic fresh- water bed (p. 1288) may be inter- 
calated here. 

The sonthern limit of tlie ice has l)een already mentioned (p. 1306). No “ terminal 
moraine ” has been observed, the ground to the south of the ice-limit being free 
from glaciation, though erratic blocks, probably brought by drift-ice, are found 
on the Sussex coast.* The Coombe-rock lies outside the limita of the ice-sheet. 
Deep s«iH;rKclal accumulations of rotted rock occur where the rock has deeom- 
posed in aitu ni the .southern non-gluciated region, os may be well seen over 
the Palaeozoic slates and gramtes of Devon and Cornwall. In the non- 
glaciated Chalk districts, a thick cover of flints and ro<l earth partly represents 
the insoluble parts of the chalk that remain after prolongeii siiliaerial decay, 
but from the fieqiient presence of fragments of quartz, which does not occur 
in the chalk, this mantle of “clay with flints” seems to indicate also a 
certain amount of transport. The high moorlands of e.utern Yorkshire appear 
to have risen as an insular tract above the ice-sheet ; for the boulder-clay 
advances up the valleys that indent the northern face of the Jurassic table- 
land, but iteases at a height of nlmt 800 feet, and the table-land itself is entirely 
free of drift, but its rorks aie much derajetl at the siiifuce. Mr. Kendall has 
traced the existence of a system t>f glacier lakes in this district caused by the 
ponding ot the inland drainage against the front of the icc-shect.* 

SoAiidili&via and Finland.^ — The order of IMeistocenc phenomena is gt'iierally the 
aanic hero as in Hntaiii. The siiifaco of the country has been everywhere intensely 
glaciated, and, as already staicil, the ice striiv ami transported stones show that the 
great ice-shect probably exceeded 6000 feet m Ihiokiiess, for the hills are iee-worn for 
more than that height above uea-level. Moving outwards from the axis of the peninsula 
the ice (lassed down the western fjords into the Atlantic, southwaids and .south-eastwards 
into the (lulf of Hothnia, across Finland and the basin of the Ilaltic into Kussia, 
Koithern (Icrinaiiy, Denmark and Holland, and soutli-wcst wards into the hollow of the 
North Sea, which it crossed to the south-east of England. Hesides the ordinary morainic 
materials loft behind on the molting of the ice, a marked dejiosit is that of the terminal 
moraines [lias) which have been traeed a<'ros8 the south of Norw'ay and Sweden, and 
which reappear mid run completely across the southern part of Finland. These huge 
persistent mounds of glacial rubbish follow' ca< h oilier at variable ilistances in roughly 
parallel lines, which mark successive pauses in the shrinking ot the iee-shcet. There is 
evidence also of the letreat of the ice from some parts of the country while it still covered 
adjoining tracts ami jauided back the drainage, thus giving rise to glacial lakes. Tlie 
margins of these \anished sheets of water can bo traced ui lines id “ parallel romls.”^ 

‘ 0. Held. V . <•’. S. \lvin. (I8i»2), p. :t44 ; xlix. p. 825. 

'■* 9 . ./. 0. S. Ivni. (ll'O'J). Ill this paper the moveinents ot the several lee-streams whicli 
united to form the great ice-sbeel ot Kiighuul are discussed. 

“ The glacial literature of this region is now abundant. Among the later writers may la 
mentioned J. Ailio, G. Andersson, H. Bergliell, W. l\ liroggei, 0. de (Jeer, O. Gnmaelius 
A. M. Hansen, H. Heilstnuii, A. Hollender, G. lloglioiii, J. H. Holmbeig, N. 0. Holst, J. C 
Molierg, H. Muiitlie. W. ItaiiiHay, H. Rousch, J. J. Sederholni, A. E. Toniebohm. Numeroui 
contributions from these and other writers have apjieared m Femna, the Ftiren 

St(KUw/m, and the papers of the Swedish, Norwegian, ami Kiiilaud (ieological Surveys. / 
general resume of the subject with special reference to Sweiien will be found in Nathorst’ 
‘Sveriges Geologi.' A brief notice of the glacial history of Finland is supplied by Sederholn 
in the Text acconi|>anying the ‘Atlas de Fndande,’ published in 1899, and an excelleii 
account of the glacial phenomena of the Kola peninsula between the Arctic Ocean and th 
White Sea is given by W. Ramsay in Ffnnia, xvi. No. 1 (1898). The later glacial phenomen 
of Southern Norway are treateil in ample detail and wiih conspicuous acumen by Brogger i 
the innwrtont monograph already cited. Col. H. W. Fieldeu has flescnbwl the glacii 
geolc^y of Arctic Europe and its islands in Q. J. O, S. lil. (1896), pp. 62, 721. 

* A remarkable example of this feature has lieen deaiBVibed frum Central Jemtland i 
Sweden by Guunar Auderssoil. where, by the jiersisteuce of the ^ihnian ice-sheet, while Ui 
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After the maximum extension of the glaciation, a general sutisideiice of the region 
took place, and the lower grounds were submerged. At the time of the gri^test spread of 
the sea (which at Christiania is indicated by a iKniudary line iit I’ld metres, |>ointing to 
a maximum submergence of al)out 700 feel\ an open souml connected tlio Skager Rak 
across Sweden with the Gulf of Bothnia, which then coverctl most of Finland, and wat 
connect by a narrow strait with the White Sea, At this time the J'o/d»rt-(?lay was 
accumnlated, in which twenty-four siKHries t»f shells have been found, of which six do 
not now live in Scandinavian waters, but stilt exist in the Kara Sea, vi/. /W/oiu/m 
ardiea, YoUlia kyperborfa, Sipho toyatug, S. hrcvispiru, liiici'iniun irrrjy-mv/r, and 
X/ptuiiea denselirata ; while eight (including Pectin is/aiulicw, Xaiica affims or clausa, 
and Tritphon truncatua) have disap{>eared from the southern jiarts of the country, hut 
are still found in the Arctic jiart of the coast. I'rofcssor Hrogger has shown that 
this clay is only found outside the great terminal nioiaiiie ridge or ra, a circum- 
stance which indicates that the ice -sheet there still descended to the and 
kept the ground inside from lieing submorged under salt water. As alroaily stated, 
he notices the occurrence of the shallow -water fauna of the ro/dm-clay at great 
depths in the Norwegian seas, and believes that it {Kiiiits to the jU'obability of the land 
having 8too<i, at the time of the great ice-sheet, at least 2»)00 metres higher than it does 
now. Above the Ko/dm-clay comes the yficn-clay, ui the oldest j»artof which tlie shells 
are still Arctic, but in the youngest jiart (Portland ia v\Ay, J/i/a-haiiks) half aie boreal, 
with a trace of the advent of southern forms. In the overlying Mytilua dny and 
Ctirdinm-clay the projiortion of Arctic forms falls to a Ihii-d nr a ijuartcr, while the 
Iroreal forma increase to a half of the whole, witli from an eighth to n fourth of Lnsitanian 
forms. Successive stages in the uprise of the land are marked by the laised beaches, to 
which reference has already been made. 

One of the most remarkable features of the jierioii which succeeded the suhinergenoe 
of Scandinavia was the conversion of the wide ba.sni of the Baltic, Gulf of Bothnia and 
Gulf of Finland into a vast ice-dammed lake or inland fresh-watei .sea, having an area 
which has been estimated by De Geer at 570,000 square kilometres, that is, about as large 
ns the Caspian Sea, Lake Superior, and Lake Michigan all joined into one. The records 
of this vast expanse of fresh water are to be seen in sheets of clay and sand found at 
many places all round the eoasta up to heights of more than 100 feet above the ])resent 
sea-level. These diqiosits contain lacustrine shells (Lmnaa omla, h. palustrxa, Planorlna 
con/orfiM, P. maryinatm, ValvaUi crislata, Bithinai teniMvlata^ Piaidiuui, several s|)ecieB, 
and especially the little lim^ict-like Jncylm Jlnviaiilu), and have received the name of 
y/ncyiws-group. 

Interesting evidence of the gradual disap] H>araiice of the Arctic climate is supplied 
by the older parts of the jicat-ino.sses, where such plants as Sahr jHtlaria and Btlula nana, 
and the remains of the little Arctic phyllopwi crustacean Apua ylarialts are jireservcd, 
while the deposits of calc-sinter have yielded leaves of hazel and other plants of a 
less northern tyjie. While these climatal changes were in j)rogre,ss the general level 
of the region, which at the time of the Ancylua■^^e^i was higher than at present, licgan 
once more to sink until the maritime low grounds all round .Scandinavia, Finland, and 
Eethonia were submerged. There were then deimsiteil ttie clays and sands which 
have received the name of the Xiitoriaa-group, from the common gastcropo<U in them 
(LiUarina litorea, L. rudis, Cardtum edule, Mylilua fdalU). A subscijnent movement of 
elevation has brought the land nj* to its jiresent position.* * 

gnmnd to the west was clear of ice, the drainage of the valleys was dammed up, and a large 
lake was formed which for a time increased in size as the ice shrank and laid hare more 
ground. The sneoessive stages in the development and diminution of the lake can still be 
made out. “Den ciptrayanllika Issjon," I'mer, 1897, H. 1, p. 42. 

* A valuable contribi^on to the diaenssion of the exteg^ and amount of the submergence 
of Sonfbem Finland in the Yoldia and Liitoriua seas has been made hyJH. Berghell of the 
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Otmuuqr.’^'—Sitice the year 1878 an active exploration of the earlier memoriala of 
the Glacial Period has been cartied on in Northern Germany, with the reaolt of bringing 
out more clearly the evidence for the prolongation of the Scandinavian and Finland ice . 
aoross the Baltic and the plains of Gerniany even into Saxony. The limits reacheil by 
the ice are approximately fixed by the line to which noithom erratics can be traced. 
Beneath the oldest members of the glarial drifts, deposits are found in a fragmentary 
condition containing shells now living only in Southern Kurope, such as Viviparus 
diluviana and Corbiciila Jlumimlh. Alwve the glaeiatwl rocks comes a stiff, 
unstratitied clay, M'ith ice-striated blocks of northern origin—the till or boulder- 
clay (Geschiebelehm, Blocklehm). Two distinct bouldcr-cIays have been recognised 
—the older or till se|»arated by interglacial deposits from the newer. Terminal 
moraines marking the limits of the ice-sheet have bc('n found in the form of ramparts 
of Scandinavian blocks and gravel, which Jiave been traced for many miles along the 
coast-line and across the plains of Northern Gcimany.- The sources of the various 
ice streams which united to form the great ice-sheet that crept over the (lermanic plain 
are well shown by a study of the stones in the moraine material. The Scandinavian 
rocka are found towards the west and the Finnish towards the east of the glaciated area. 
Successive (tanses in the retrwit of the iee-slieet have been rei'ognised in the boulder- 
ramparts, in belts of mounds that were formeil at the midtiug edge of the ice, and in 
the sheets of sand Jind gravel spread ont beyond. “ At the southern edge of the 
northern <lrift at Denhen, a little south from l)res<len, remains of an Aivtie flora have 
been found, comprising leaves of A'ff/u* herhnirn, S. irfusn, /’nhjffoniim x'iviparvm, 
Saxxfraija opinmli/ofiu, S. hin-ulv^, remains of iUxriit's and mosses with Surrinea 
oblonga and fragments of beetle'*.^ Among the inteiealated matc'rials that se[*arate the 
two bouldor-elays are layers of peat, with remains of pine, fir, aspen, willow, white 
birch, hazel, hornbeam, jtoplar, holly, oak, junijH-r, ilex, ami various wafer-plants, in 
jiarticnlar a water-lily no longer living in Kurope. With this vegetation are associated 
remains of AVep/msou/u/uiM, maininofh, ihinoeeros. elk, megaeeros, reindeer, musk -sheep, 
bison, bear, Ac. Some of the interghn ial de|Misits are of maiim* origin on the lower 
grouiul.s bordering the Hiiltie, foe they contain Ciiprtmt is/o/o/iVn, rortlandia mrtica, 
Tellina {Ma<'<m(t) ItaUhifa {miuivla), Ac. Among the youngest glaeiul, and probably 
in part interglacial, deposits are the npjHU* sands and gravels ((lesehiehedpfksand), 
wlueh spread over w ide areas of the Germanie plain, paitly as a more oi less uniform 
but discontinuous .sheet, and partly as uregular hilloeks and ridges strewn with erratic 

Finnish Geological Survey (“ Bidrag till Kamiedomen om sislrn Kinlaiids kvartara Niv4- 
fonindringar,” Ilelsmgsfors, 1896k He shows how from zero at St. Petersburg the depression 
progressively nicrensed towards the north-we.st. 

* There is now an ample though recent literature «le voted to the glacial ijhenoniena of 

Germany. The volumes of the Zi'dn/t. fu.'ii'lfftlni/f for 1879 and siibseqnen 

years contain paiHWs by G. Bcremlb H. Creduer, J. PI. Geiintz. A. Hellnml, K. Keilhack 
F. Noetling, A. Penek, K. Richter, ¥. Wahnschaffe, Schmidt, Ae. Hi-e also the Jahrb. 

(iftd, LandetatuitMf for 1880 and following years ; the Map* and Explanations of the 
same Survey for the neighbourhood of Berlin (27 sheets) and the memoirs of the Geological 
Survey of Saxony. The work of Dr. Keilhack is specially worthy of the attention of the 
Hudent, particularly the papers in Jahrb. Prtwui, deof, Landesanst. from 1889 onwards. 

* G. Bfrendti Jahrb, Prtnaa. deal. fAtmlesaiutf. 1888, p. 110 ; K. Keilhack, op. cif. 1889, 
p. n9. 

^ Dr. Keilhack has traced what he believes to be five distinct stages in the backward 
shrinkage of the ice during the last of the three glacial epochs into which he divides 
the whole Ice Age, Jahrb. Pretue. Oeol. iMndemnat. 1898, p. 90. The end-moraines of 
Schleswig Holstein are described by C. Oottsehe,-itfitfA. dtoQxMph, de$ Jloinbnrg^ xiU. xir. 
(1897-98), who gives lists of the shells from the marine dilovinm. 

< A, 0. Nathorst^ Ofrer. Vet. AImI. F9rha»dl. Slnekholm, 1894. 
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blocks, and enclosing pools of water and peat*bog8. These mounds and ridges, with 
their acoompanyiug sheets of water, form a couspicuous feature of the low tract of 
country from Schleswig Holstein ' eastwards to the Vistnla. 

In some of the mountain groups of (lermany there is evidence that probahly at the 
height of the Ice Age glaciers existed. Reference has already l>cen made to the moraine 
mound! of the Vosges^ and Black Forest,’ and to the fact that the glai'iers of the 
western hill-groups were more extensive than those to the east. In the CariMthian 
range, a series of moraines, Hometimes enclosing lakes, is distributed in the valleys that 
radiate from the Hoho Tatra.^ On both sides of tlur Kiesetigebirge, moraines tK-cur. 
At the sources of the Lomnitx, on the southern side, they enclose two lakes at the foot 
of high recesses and cliffs.® No certain traces of glaciers api^oar to hove been met with 
in the eastern part of the Sudeten range, nor in the Erzgebirge or Thuringt't wald. 
Farther north, in the Harz, mounds of detritus which resemble moraines have been 
referred by Kayser to glacier-action.* The German Al{>s and the Bavarian plattviU bear 
witness to the Ibrmor greater extent of the still remaining glaciers, and to the spread 
of the ice across wide tracts from which it has long li'treated.’' The chain of the 
Car{)athiimH was likewise a distinct glacier centre.** 

France, Pyreneea. — As Franco Uy to the south of the northern ice-sheet, tin; true 
till or boulder-clay is there absent, as it is for the same reason fioin the south of 
England. It is consequently ciitticult to decide which su)ierfimi arouiiiiilations are 
really contemporary with those termed older glai-ial farther north, and which ought to 
l>e groujied as of later date. The ordinary sedimentation in the iion-glaciated area not 
having been interrupted by tlie invasion of the ice-slieet, ileiKisits of ])re-glaoial, glacial, 
and post-glacial time naturally jiass insensibly into each other. Tbe older Pleistocene 
deposits (perliap-s interglacial) consist of fUiviatile gravels ami clays whicb, in (heir com- 
])ositioii, ts'long to the drainage systems in which they occur. There is generally no 
evidence of transport from a great distance, though, iii the (lhamp de Mars si Paris, 
blocks of siindstone and conglomerate nearly a yaul hnig sometiincfi wenr, as well as 
small pieces of the gmnnlite of the Morvan. Erratics at C'a!aii> mid on the muimI of 
Britsnny may also have been corned a long way.** The rivers, however, wine probably 
much larger during some part of tlic Pleistocene |>ciiod than they now are, and the 
transport of their stones may havt been sometimes effected by floating ice, as has been 
forcibly shown by Professor llarruis in refeiener to Ibe «dd gravels of Hiittiiiiy.*** They 
have left their ancient platforms of alluvium in snecessne tei races high above the 
present watercourses. Kw-li ten ace consists g«*neially of tlie following succession of 
deposits in ascending onler : — (1) A lower gravel {tjrnrxfr dr fovd), the pebbles of which 
are coarsest towards ihc liottom and arc iiitcistratitied with layers of .sand, sometimes 

' The glacial plieiioinena of Denmark and Schleswig ilobdeiii aie div usmsI b} (iulHche 
iu the series of pai>ers cite«l above : by V, Madsen in the Ex)»Ianatf)ry Memnirs to acc<iioj'iiny 
the sheeU of the Geological Survey map of Denmark. The Jurassic, Neo<’ominn and (iault 
boulders found in Denmark are discnssefl by Mimh Skeat and V. Mad-cu in .No. 8 of llie 
second series of these Explanations (1898). 

* H. Hogani, ‘Terrain erratUiue des Vosges,' 1851. A. Deleb«-cque, “Systenie glacmirc 
des Voeges Franfalses,'” HtdJ. Cntie fifol. /Vance, No, 79 (1901). 

* J. Partsch, Mjletschcr der Vorzeit in der Kafpslheii iind der Mitlelgebirgen Deutseb- 
lands,' Breslau, 1882, p. 115. 

* Partsch, op. ni, p. 9. 

^ Ibid. p. 65. 

* Loesen and Kayser, Z. 1). U, U. xxxtii. (1881). 

’ A. Penck, * Vergletbcherung der Deutscheu AIf*cn,’ 1882. 

* J. Partach, ‘ H^e OleUtber der Vorreit.' 

* Ch. VeWn, Bvdl. fbte. (tfol. France, xiv. (1886), p.^69 

» -Ian. Soc. Otal. Ani, iv. (1877), p. 186. 





J83e 


STHATJGMPmOAl GMOlOQt book n baw v 


inclioad and contorted. (2) Grey sandy loam {Mhle gras). (3) The foregoing strata 
are covered by yellow calcareous loess, or with an overlying dark brown loam or 
briok*earth. The upper exposed parts of the gravels and sands are commonly well 
oxidised, and present a yellowish-brown or deep reddish-brown tint, while the lower 
portions remain more or leas grey. Hence the old names diluvium gris and diluvium 
rouge. The gravels and brick-earths have yielded terrestrial and fresh-wate^ shells, 
most of which are of still living sitecies, and numerous mammalian bones, among which 
are Ithinoceros aniiquUcUis (tichorhinus), R. etruacua, R. leptorhinua, Hippopotamus 
amphibiuSf Elephas antiquus, E. pritnigeniua, wild boar, stag, roe, ibex, Canadian elk, 
musk-sheep, urns, beaver, cave-bear, wolf, fox, cavc-hyiena, and cave-lion. Palseolithic 
implements found in the same de|) 08 its show tiiat man was a contemporary of these 
animals (see p. 1356).^ Even as far south as Charente from Assures in a Cretaceous 
limestone remains of a fauna with northern siiecies have been obtained, including 
AreUmya marmolta^ Spermophilus ru/eacenaf Lepua variahilia, Microtus (Arvicola) 
ampKibiua, M. rattieepa, Cania vulpea, C. lagofma, C. lupus, Hyaana erocula, Muatela 
putoriua, Fdia Ito {apelaaa), Equua caballua, Bison prianis (t), and Rangi/er {Cervtta) 
tarandua.^ In the south-west of France the arctic fox lias also been obtained, together 
with the musk -sheep. 

It is in the centre and east of France that the most unequivocal signs of the ice of 
the Glacial Period are to be met with. The mountain groups of Auvergne, which even 
now show deep rifts of snow in summer, had their glaciers whereby the solid rocks were 
smoothed, polished and striated, and moraine heaps with large blocks of rock were 
strewn over the valleys ; not only so, but there is evidence in that region of a retreat 
and redesoent of the ice, for above the older moraines lie interglacial deposits contain- 
ing abundant remains of land-plants, with liones of Elephaa vieridioncUia, Rhinoceroa 
leptorhinua, 4c., the whole being covered by newer moraines.® 

The much lower grounds of the Lyonnais and Beaujolais (rising to more than 8000 i 
feet) likewise supported inde{iendent snowfields.^ The glacier of the Rhone and its I 
tributaries at the time of the maximum glaciation was so gigantic as to All up the/ 
hollow of the Lake of Geneva and the vast plain between the Bernese Oberland and the( 
Jura. It crossed the Jura and advanced to near Besanyon. It swept down the valley| 
below Geneva, and then, joined by its tributaries, sjiread out over the lower hills and > 
plains until the whole region from Bourg to Grenoble was buried under ice. The j 
evidence of this great extension is fiiinished by rock-stria?, transported blocks, and ' 
moraine stufT.® 

The chain of the Pyrenees nourished along its whole length an im^iortant tract of 
snowAeld, whence glaciers descended all the main valleys and there shed their moraines.®/ 
The pheUomena are quite oorai»arable to those of the Alps or the more northerly groups/ 
of mountains. It would apiiear that even as far south as the Serra da Estrella o^ 


^ A detaileil study of the Quaternary deposits of the north of France has been made by 
J. Ladriere, who divides them into three stages, each marked oflf by a gravelly layer at the 
base and terminating above in a loam with terrestrial vegetation and Aresh-water and terres- 
trial shells. The lowest is the assise with Elephtta primigmiua and Rhinoceroa tkhorhinHa^ 
.^NN. Soc. OM. Nord, xviii. (1890), p. 93. 

* M. Poule and Q. Chao vet, Compt. rend. May 1899. 

® Jullen, *Des Ph^nom&nes glauiaires' dans le Plateau central de la France,' 1869; 
Karnes, B. & O. F. 1884. A clear summary of the glaciation of Auveigue is given by M. 
Ronle in the Annalea de Gfographie, 16th April 1896. 

^'Falsan and Chantre, * Ancient Glaciers,’ iL p. 384. 

* Faltan and Chantre, op. eiL • 

® See the account given by Penck in the MM. Ver. Erdkunde Ldpadg^ 1883, with a 
biUiography up to that date. 
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Portugal, which in lat. 40*15 N. riset to a height of more than W)00 feet, glaciera 
existed and produced their striated rucks, moraines, and erratic blocks.* 

Belgiuiu. — The Quaternary dejwsits of this country, like tliose of Nortlieni France, 
belong to a former condition of the prejsent river-basins. In the higher I roots, they sr« 
confined to the valleys, but over the plains they spread as more or loss continuous 
aheets.* Thus, in the valley of the Meuse, the grovel-terracea ol older diluvium on 
either side bear witness only to train>{»ort within the <lrainage-lMisin id the liver, though 
fragments of the rocks of the far Vosges may l« deteeleil in them. The gravels are 
stratified, and are generally accomi^nie^l by an upj.>er sandy elay. In middle Uelgium, 
the lower diluvial gravels are covered by a yellow loam (Hesbayaii), probably a eon* 
tinuation of the German loess, with numerous terrestrial shells [Stu'rhua ohlomja, Pufta 
wjwcorw/n. Helix [Hygrontid] hiepula). In lower Belgium, thi.s loam is replaced by the 
Campinian sands, which have been observed lying n|Kin it. The Belgian caverns and 
some parts of the diluvium have yielded a large numlior of lUHnimalian remuius, 
among which there ia the same oummingltng of tyja's from cold and from warm 
latitudes so observable in the Pleistocene beds of England and Fronce Thus the 
Arctic reindeer ami glutton are found with the Alpine chamois and marmot, and with 
the lion and grizzly bear. 

The Alpt,** — Reference has already be<Mi made to the vast e\ten.sion of the Alpine 
glaciers during the Ice Age. Evidence of this extension is to be seen both among the 
mountains and far out into the surrounding regions. On the sidci, of the great valleys, 
ice-striated surfaces and transported blocks are found at such heights as to show that 
the ice must have been in some jilaces 3000 or 4000 f<Tt thicker than it now ia. The 
glacier of the Aar, for instance, which was a comparatively short one, Iwing turned aside 
by ond merging into the large stream of the Rhone glacier near lb*rnc, attaiiunl such 
dimensions as not only to fill up the valley now occupied by the I^kes of Thnii and 
Brienz, but to override the surrounding hills. The maiks made by it are found at a 
height of 030 metros above the valley, which with 30.') metros for tlie depth of I^ake 
Brienz, givas a thickness of at least 1235 metres or 4000 feet of ice moving down that 
valley. Judging from the evidence of the heiglita of the stranded blocks, the slope 
of this glacier varied from 45 in 1000 in its upper |)arta to not more than 2 in 1000 
towards its termination. “ From the variation in the direction of the atria’, as well 
as in the distribution of the transjwrted blocks, there can be little, ibuibt that the 
Alpine glaciers varied from time to time in relative diineiisions, so that there was a 
kiml of struggle between them, one juisliing aaido another, and again being pushed 
aside in its turn. 

Turning to the regions Iwyond the mountains, we find that proofs of glaciation reach 
to almost incredible distances. The Rhone glacier has alie.vly b«;en referred to as over- 
whelming the niounUinous and hilly intei rening wmntry, and throwing ilown its morainca 
with blocks of the characteristic rocks of the Valais where Lyons now slands, that la, 

* J. F. Nery Delgado, Cowim. Jtirec. Traffttl. iii. Fast*, i. (189.')). 

* Besides the works of Falsan and Ghantre, Penck and Partsch, aljove citwl, the 

student may consult Morlot, Bib. Vniv. 1855 ; JitUl. Vaud, Sri. Ant. 1858, 1860. 
Heer, ‘ Urwclt der Schweiz.’ The map of the ancient glaciers of the north side of the Swiss 
Alpa, published in four sheets by A. Favre, Geneva, 1884. C. W, (iUml)el, Sildt. Akad. 
Wien, 1872. R. Lepaius, ‘Das westliche 8iid-l'irol,’ Berlin, 1878. A. Heim, 'iHaiidbuch 
der Oletscberkunde,’ 1885. Baltzer, Mittked. Nalur/. Berne, 1887, “Der Diluviale 
Aargletacher," BeUrdg. tlvd. Karl. Srhmix. iJef. 30, 1896. Aepi)li, op. til. Lief. 34. 
Renevier, BdU, Soc, Helv. 1887. A. Bohm, Jakrh. k. k. fieol. HeuJuarui. xxxv. (1885), p. 
429. A- Penck, EL Bnickner, and L, du Paaquier, in their memoir already citeil on p.1301, 
which waa publishec^aa a guile to the glaciation of the region during the meeting of the 
laternationij (Jeological C^greea at Zurich in 1894. $ 

* A. Favre, Arch. AnA. ScL Phffs, Nat. Oenive, xii. 1884. 
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170 milet in direct distance from where the present glacier enda. The same ice-sheet, 
fwellod from the northern side of the Bernese Oberland, overflowed the lower ridges of 
the Jura, streaming through the transverse valleys, even as far as Ornans near Besan^on. 
Turning north-eastward, it fllled up the great valley of Switzerland, and, swollen by the 
tributary glaciers of the Aar, the Reuss, and the Linth, joined the vast stream of the 
Rhine glacier above Basle. The enormous wer poured over the Black ^Forest 

and down the valley of the Danube at least as far as Sigmaringen, where blocks of the 
rocks of the Orisons occur. Eastward it was joined by the great glacier that descended 
from the Swabian and Bavarian Alps, and of .which the moraine- lieaps are strewn over 
the lowlands as far as Munich. The Tyrolese and Carinthian Alp.s were likewise buried 
under an icy covering which sent a huge glacier eastwards down the valley of the Drau. 
On the south side of the Alps, the glaciers advanced for some way out into the plains of 
Lombardy, where they threw down enormous moraines, which sornotinics reach a height 
of more than ‘2000 feet (Ivrea). These vast accumulations, to whicli there is no parallel 
elsewhere in Euroiie, rise into conspicuous hills and crescent-sliaped ridges round the 
lower ends of the upiKU* Italian lakes. At some of these localities the moraine stuff 
rests on marine Bliocene beds. It is |>ossihIe that the gliieiers netually resched the sea- 
Uvel.’ There appears to ho no doubt, at least, that they descended to a lower level on 
that side than on the northern side of the Alps. 

By tracing the distribution of the transported blocks, tlio movements of the* ancient 
glaciers can be satisfae'torily follow «*ei. These blocks are not dispersed at random over 
the glaciated area. Each glacier e*arried the blocks of its own basin, and, whore these 
are of a jM’culiar kind, they servo us an excellent guide in following the march of the 
ice. Not only wcie the hlook.s in each dnuniige area kopt separate from those of ad- 
joining basins, but those on the loft sides of the valleys do not. except along the 
junction lines, mingle with those of the right sides. \n a .ule, the blocks lie along the 
8lo|)es of the valleys rather than on the bottoms, and are often ilisposi*d there in groups 
or linc.H. In the Arvo valley, near Sallanehes, for e.vample, a /one eomjtrisiug several 
thouH.and granitic houldeis runs fora distance of more than three mile.s. The blocks 
of Monthey have long been taiuous. On the flanks of the Jura near Sointliurn, the 
boulders of Kieilhol?,, stranded then' by the oncient Rhone gl.ieier, still miinher ‘228, 
though they have heeii vediu'ed by the <piurrying operations, now hnp])ily interdicted 
(see Figs. ItiO. Idl, 16‘2).* 

That the Ice Age in the Alps, as in N<)ithern Europe, was interrupted by at least one 
warmer interglacial peiiwi, when the ice retreating from the valleys allowed an abundant 
vegetation to flourish there, is shown by the lignites of Duuitcn (Canton Zurich), 
Utznach (St. Gall), Hotting tnoar Innspruck), and several other places. These deposits 
can here Aid there ho se<<n to overlie ancient moraine stulT ; they are interstratifled with 
fluviatile gravels and .sands, which again are siirniountod with scattered erratic blocks 
belonging to a later iK’iUnlof glaciation. Among these interglacial vegetable accumu- 
lations Heer recogiiisetl several pines and firs ahir^, P. syfvrstrLn, P. montana), 

larch, yew, oak, ayoaniore, hazel, mosses, bog-hean, bulrush, raspberry, and Oalinm 
a.s well as hog-mosses, all still growing in the surrounding ciountry. With 
the plants there occur the remains of EUphi9^ Rhinocrro$ etruntuSy Bos taunts, var. 
primigenius or urns, red • deer, cave • bear, likewise traces of fresh - water shells and 
insects, chiefly elytra of lieetles. 

The sutcesaion of main events in the history of the Ife Age in Switzerland have been 
tabulated as follows : ” — 


^ The surface of the Logo fli Qarda, round the lower end of which glacier moraines extend, 
is little more than 200 feet above the sea-level. 

* Favre, JrrA. Soi Phys, Sat, (huiw, xU. (1884), p. S99ih- ^ 

^ Penck (* Vergletscherung Deutschen Alpen *) believes that evidence can be traced 
of at least three distinct periods of glaciation in the Alps. Hee^ ^Urwelt der Schwds' ; 
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— 

Poct-gUcial. Ancient Uenstrine temcee (ISO feet etiovo present level of Lake of 
Oeneve), deltas, and river gravels with Limn»« and <»ther fresh-water 

sheila, Vionea of maininotli (!). Oradual lowering of the level of the lakes through 
the cutting down of the moraine harrieia. 

Third glacial periotl. Erratic blocks wul terminal moraines of ZtirU'h, Raldegg, 
8enii>ach, Berne, with an Arctic Mora ami fauna. Schotter of the lower temn'ea, 

Ind of UUuach, Wangeu, ReidWch. An, (tlatthul, Sthllwugg. 

Second interglacial series. Ligiiites and clays ot lUrnach, Wangen. I)uniten, 
Wettikon, covere<l by the moraine stuff of the third glaciation and overlying older 
glacial ilejKwuts -- AVep/MiN untitfuus, RhintKfros nm/or/niiNs {MerfX’u). This 
interglacial epi>ch is regardetl as having laste*! a shorter lime than the first. 

Second glacial iwrioti. (Ircatest extension of the glaciera : chief accumulation of 
moraines ; deposit of the extramorHinu- high-terrace whotter. 

First interglacial interval, siipjo-se*! to have continued for a long perio«l of time, 
during which the last uplift of the molas.se on the skirU of tli« Jitia took 
place ; siibsi<leiice of the l*o<i y of the Alp.s ; bjrth of .somo lakes, such as those of 
Zurich and Zug. During this peritHi valleys were ertKlM in the moluKse and 
pnigrewtively dee|M‘netl while the slojws wen* terrace-l. 

First glacial periml, hu|i{)<>s«sI to l>e indicated b> the 4lejHj<it of the Decken-schotter, 

Bttstia. -A vast extent of Uuasia was buried under the greatest extension of the ice- 
sheet, the Bouthvvanl limits of which across the enuniry have alrtsidy be« n statisi (p. lliOfi 
Thero appears to l*e evidence that the second advance of the ice not only affected tlic 
western lowlamls that were covered by the Baltic glacier, but even the centre of the 
country. Proofs have bfvn ohUincil of an iiitcrglut ial ]iei-i<Kl in Central Kussm marked 
hy lacustrine de^msits intcicalated hetween glacial clays. They have yielded an abundant 
flora, including alder, bii< h, iia/el, willow, hi, water lilics. and leniains of mammoth 
Ac.* Perliaps llte most singular fcntuiv of the glacial dcjsiMts of Russia is to be found 
ill the sheets of icc which, ninlerlyiiig and intiUhti.ititied with the <-!.iyK, have suivived 
as iu'tn.ii fossil remains of the ice sheets of the Pleist<»ceiie ages .ilong the low- grounds 
of the coast-region of .‘^ilterifi, and in the op{K)site New Siberian iHiaiids, The ice is 
sometimes separated from the living vcgctaii*>n, iiieluding latch trees, hy a mere thin 
layer of humus, or is covered with a layer «tf |»e:it full of widl-pre-served leaves and 
fruit, of al<ier I Ahiu$ /i-utirovi''. It ha-s heen eulbsl “stone ice," “deml-iee,” “ fossil - 
glacier,” iiiul has Is'cn clearly made out to form a sheet of Variablu thickness resting 
on a ground-moraine and covered hy Ibiviatile or humstriiie stiaU of clay and sand, 
which in their lower ]iart.s an* sometimes int*’rleuve<l with thin lainiiiie of ice or arc 
pcrmcatcil hy icc and .soliclly fro/eu. In some i»laces the i<e ends at the loasl in a lofty 
vertical cliff, with the thin layer of soil or peat .and living Arctic vegetation op the 
siiminit.. From the frozen .sedimeiit.iiy dejM(,sit8 that overlie tho ice, caicases of the 
mammoth and lUnnoa-rm mrijfirhinm {^Inrln) have been obtaino«l, Koinetinies with 
the flesh, skin and hair still js-rfectly prewivcd. The same strata have yiehfed slielU 
of Sphirrium, Fulrata, Pmdiu7», larva- of Vhrijyunia and remains of Arctn lurch 
{Betula luma) 7i\\i\ sjiocies of willow. The large mammals appar txi liave p-iished, 
owing {lerhaps to some general change of clim.ste, and their bMiea when iniiiiersed 
in the silt of lakes or rivers were eventiially frozen there, and so have remained till 
the pre^nt time. The musk sheep and reimleei, which were their coiiteni|x>raries, were 
moro fortunate in withstanding the unfavourable meteorological conditions, and still 
survive in the Arctic rogions.’ 

A, Aeppli, ** Erosiouatetraaseii und Glazial«'hotter iu ihrer lieMehuog sur Entst'ihung dea 
Zilrichaee^” Beitrag. Utol. KarL Ikhxreiz, Lief. 34 (1894), p. 116. 

* N. Krischtafowitsch, Bull. Soc. Imp, *Vrt/. Mwk^iu, No. 4 (1890) ; Jwn, UM. Min. df. fn 
Ruttie^ Warsau, 1896. On glaciation of Urals see Nikitin, NeMuJahth. i. (1888), p. 172. 
Fnulein A. Missuna describes two bands of eiid-morainea in the departments of lAYlna, 
Witebsk, and Minsk,X to. O. 1902, p. 284. 

* For a detaileil history of the investigation of the Biyrian ice-cliffs ami their organic 
renudns, with a narrative dt personal exploration of them, see the able and interesting^memoir 
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AWea.— An interesting proof of a former greater extent of the existing glaciers is 
furnished by Mount Kenya, which in British Kast Africa rises almost on the equator to 
a height of about 19,500 feet above the sea, and covers an area of about 700 sqyare miles. 
Some 5400 feet below the limits to which the glaciers have now retreated they have 
left moraines, rock-stritt, perched blocks and glacial lake basins, and these are on such a 
scale as to indicate that they acre produced not by more valley-glaciers but by4an ice- 
oap that covered the whole mountain. Professor Gregory, whose observations made 
known these features, believes that the glaciation was due to a fornaer greater elevation 
of Mount Kenya, whieJj has l)ecn reduced by subsidence and denudation, there l)eiiig 
no evidonco of any universal glaciation of the region.^ 

North America.* —Tlio general succession of geological changes in Post -Tertiary 
time appears to have been broadly the same all over the northern hemisphere. In 
North America, as in Europe, there is a glaciated and non -glaciated area; but the 
line of demarcation between them has been much more clearly traced on the western 
side of the Atlantic. The glaciated area extending over Canada and the north-eastern 
States jiresents the same characteristic features as in the Old World. The rocks, where 
they could receive and retain the ice-iiiarkings, are well-smoothed and striated. The 
direction of the stria* is generally southward, varying to south • east and south • west 
According to the form of the ground. The great thickness of the ice-sheet is strikingly 
shown by the height to which some of the higher elevations are polished and striated. 
Thus the Catskill Mountains, rising from the broad plain of the Hudson, have been 
ground smooth and seriated up to near their summits, or about 8000 feet, so that the 
ice must have Wn of even greater thickness than that. The White Mountains are ice- 
worn even at a height of 5500 feet. 0. M. Dawson has found glaciated surfaces in 
British Columbia 7000 feet above the sea.* 

On detailed examination of the rock-striation it has been found that the ice probably 
had its origin mostly if not entirely on the continent itself, and that it radiated from 
certain areas of maximum accumulation of snow. Of these areas thei-c appear to have 
been at least three in the north of British America. The most easterly, known as the 
Laurentide ice-shcet, covered the wide peninsula between the depression of Iludson Bay and 
the Labrador coast, and streamed southward acro.ss the basin of the St. Lawrence and 
the north-eastern States into Pennsylvania and as far w’est as the valley of the Mississippi. 

A second centre of dispersion, which ^vo rise to what has been called the Keewatin ice- 
sheet, lay to the west of the Hudson Bay hollow, whence the ice radiated in all directions. 
On the north side it moved towards the Arctic Ocean, on the cast it descended into the 
low ground till it joined the Laurentide sheet and moved southward to shed its 
terminal moraine in Iowa and Dakota. The third centre lay far to the west in the 
Canadian ]K)rtion of the lofty Cordillera of the Rocky Mountains, and gave birth to a 
vast ice-sheet which moved westward down the stee|)er slope into the Pacific and soutli- 

of Baron E, von Toll in Mrm. .titu/. Imp. St. Prtersboiirff, xlii. (1895), No. 13 ; also A. Q. 
Nathonst, Yrntr, 1896, p 79. 

» Q. J. a. S. 1. (1894), p. 615. 

See J. D. Whitney, Climatic Changes of later Geological Times," Jfe)n. Mus. Compar. 

Jiarvanf, vol. vii, 1882 ; and papers by J. D. Dana, T. C. Chamberlin, R. D. Salis* 
bury, W. Upham, George M. Dawson, H. Carvill Lewis, G. F. Wright, 8. Calvin, 1. C. 
Russsll. p, K. Emerson, J. B. Tyrrell. H. L. Fairchild, R. S. Tarr, F. Leverett, and others 
in .Imer. Jwrn. Sei., American (feoIogiHj Jvamal of Uedogyy Canadian NcdwralUt^ 
Canadian MmmaU ♦!««• Report*, Btdletin* and Monograjd^* of U.S. tied. Survey ; Oed. 
Swrv. New Jersey ; Second Ceof, Sum. qf Pennsylvania ; Report* qf the Canadian (led. 
Sur^y; J. W. Dawson, 'Acadian Geology,* 1878; ‘Handbook of Canadian Geology,’ 
1889 ; 'The Canatlian Ice Age,’ 1893; Q. M. Dawson, Trax,;. Roy. Canada, viii. sect. 
Iv. (1890), p. 25 ; G. F, WrighL ' Man and the Glacial Period,* 'The Ice Ag« in America.* 

* Oed. Mag. 1889, p. 851 ;'see also W. Upham, Appaiackui^ v. (1889), p. 291. 
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eaatvard into the high iohmd pliteaux. Besidee theee greet nurt lU gtaee there were 
minor glecier centres imong the higher mhonteiti groups fsrthnr south. 

As in Europe, the glscUl deposits iiicrestte in thiekuess and variety from south to 
north, spreading across Canada, over a considerable area of the nortli eastern states, 
and rising to a height of 5800 feet among the White Mountains. From the evidence of 
the r^k-strise and the disjH'rsiun of boulders, it has been ascertaineil that, though 
the graciated region was probably burieil under one deep continuous >n/r lir ghct- 
like that of Cireonland at the present time, there were considerable variations in 
the direction of motion, <»wing j»artly to the individual movem«MitH of the several 
iee sheets and {»artly to inequalities in the general slofs) of the- ground iiiideineath. 
Nothing, however, i.s more striking than the apjtarent iuditfereiiec with which the 
ice streamed oiiwavd, undvllectiKl even by considerable ridges and hillH, The line 
of the southern margin of the ice can atill be followed by tracing the limits to 
which the drift deposits extend south waixls. Fnnn this evidence we learn that the ice 
sheet ended oil in a sinuous line, protruding in great tongues <ir pvomontorieH and ivtir- 
ing into deep aiul wide Imivs, In the eastern States, the sontlurn limit of the glaciatrti 
region is marked by one of the moat extraordiuaiy glacial ac unmlntions yet known, 
and to which in Kurojie there is no rival. It toiisists of u luoed iricgular band of 
confused heaps of diift, or more strictly of two such bands, which somolimes unite into 
one broad Indt and sometimes sej^arato wide enough to allow an inteiva) of twenty oi 
thirty miles between them, each Isdiig fioni one to .si\ iniics in breadth uiid UHing 
several hundred feet aliove the surrounding ctmntiy. The smlioe of these ndges 
presents a character ntic hummocky aspe«‘t, using into cones, »loiucs, and omillueni 
ridgea, ami linking into b.isin slmiK'd oi otlier irrr-gulailv-ft>rincd tleprcHsioiiH, like the 
kaines or omi of Kumpe, The nppei part ol the imiteriul conij^osing the iniges 
generally consists of ossurpsl ami stralihctl gravel ami siiid, the slratilicalu>n l>eii)g 
irregular and diwonlant, hut inclined on the whole towaids the soulli. Helow these 
rearranged inateiiala is a boulder-drift— a mixture of cliiy, aami, .and gravel, with Isnildern 
of all sizes, up to blocks many tons m weight and often striated. Though somo* 
times indistiuguislialde ftnin oidiiiary till, it pie«eiita as a rule a greater picpomlcianee 
of stones than in typn^al till, but contains also tine stiatihed intercalatioiiH, A Urge 
proportion of the material of the ridges has U-eii rletivi-d from im'ks lying immediately 
to the north, and the nature of the ingnshent.s lonstantly varic-s with the changing 
geological htrm tnic ol the ground There is also always preseitl a greater or 1cm 
amount of dcttitiic lepreseiiUiig rocks along the Irne of drift nro\enicnt for f,00 
miles Of more to the n(#rtli. The b.and of diift lulls Ires soim-times on an ahcendlng, 
sometimes on a descending Hio(>e, cio.ssfH nariow mountain ridges and forms einhank* 
merits aei‘oH.s valleys, showing such a ilisiegiird of the topograjdiy os to prove that it 
cannot have U*en a shore line, and has not been laid down with nference to the pn-sent 
drainage system of tin; land.* 

To this remarkable belt of prominent hummocky ground the name of “terminal 
moraine" has 1 sen given bv tlie Amern.m geologists who have so suec'-Ksfiilly traced 
its distribution ami invc-stigated its Htrnetuic. The conditions, however, under which 
the drift rampart in (|UPstion wan formed r'ertainly dideied widely from those that 
determine an ordinary terminal moraine. The constituent materials can hardly have 
travelled on the surface of the ice, but must rather have lain underneatli it or have Ireeii 
pushed forward in front of it. Hut the mmle of foiination is a prohlciii which, though 
recent oljservations in Greenland ami Spit/bergeii I'p. 514) have throwr^ light on it, 
cannot be said to have as yet been wholly solved. 

There seems goml reason to believe that there are at least two “ terminal moraines " 
^longing to two distinct and perhaps widely ac{iarated epfichs in the Ice Age. The 

* H. C. •* Repict on the Terratoal Moraine," fSeonnd fieol. Surv. Pentuylranuu 

Z, 1884, p. 45, with Preface by .1. P. Lesley. 



.. 

iDott fotttbflrly and therefow oldest of theoi begins on the Atluitic boidef off the eoi^* 
eeatern oowt of Massachusetts, where it is partially submei^ed. Rising shore the lereJ 
of the sea in Tfantncket Islands, Martha's Vineyard, No Man’s Island, and Black Island, 
it is prolonged into Long Island, of which it forms the hack-bone, and where it reaches 
heights of 200 to nearly 400 feet. A second or later and less prominent line of drift-hills 
runs along the north shore of Long Island, and is prolonged by Fisher’s Island into the 
southern edge of the State of Rhode Island, whence, striking out again to sea. It forms 
the chain of the Elizabeth Islands, passes thence into the State of Massachusetts, and 
runs nearly east and west through the peninsula of CajH; Cod. The distance between 
these two bands of hummocky ridge varies from five to thirty miles. From the 
western end of Long Island the moraine iiasscs across Staaten Island and the northern 
part of New Jersey, enters rennsylvania a little north of Easton, and follows a sinuous 
north-westerly course across that State and for some miles into the State of New York, 
whcie, forming a deep indentation, it wheels round in a south-westerly direction, re- 
enters Pennsylvania, unci passes into Ohio. Throughout this long line, the moraine 
coincides witli the southern limit of the drift and of rock-stnation, though in wcsteni 
PenuHylvania, in front of the ridge, scattered northern boulders are found over a strip of 
ground which gradually increases south-westwards to a breadth of five miles.’ Beyond 
Central Ohio, however, the drift extends far to tlie south. Taking its limits as probably 
marking the extreme boundary of the ice-sheet (then at its largest), wo find that it goes 
southwards, la-rhaps nearly as far as the junction of the Oliio with the Mississippi, 
sweeping westwanis into Kansas, ami then probably turning northwards through 
Nebraska and Dakota, but keeping to the west c»f the Missouri River. 

The inner or soc-ond terminal inoraiuo is eliaracteri.Htieally developed in the southern 
|»art of the State ctf New York, lying well to the north of the first moraine, and much 
more irregularly distributed. South- westwanis the two seiie.s of lumparts unite at the 
.sharp bend «»f the <dder ridge just mentioned, and eontinue as one into the centre 
of Oiiio. This Junetion probably indicates that the .southern edge of the ice at the time 
of the secoild moraine, though geneially keeping to the noith of its previous limit, 
reached its iornu'r e.\tent in north-western Penn.sylvania, and united its debris with 
that left at the time of the gi'catest extension of the iee-sheet. From the middle of 
Ohio, the younger moraine pursues an extraordinarily siuuou.s couiso. One of its most 
reimirkable bends encloses the southern half of Lake Michigan, which was the bed of a 
great t<mgue of ice moving from the north. Immediately to the west of this loop theie 
lies an extiuisive diiftles.s area in Wisconsin and Minnesota. The course of the moraine 
Itears distiiiel w itnoss to tho iudeisuident dire* tlon of flow ol the united glaciers that 
constituted the great ice-slieet. It sweeps in v.-ist indentations and pioinontorie.s across 
Wiscon.sin, iMinue.sotu, and Iowa, forming jwobahly the nuwt extensive moraine in the 
world, and strikes north-westward through Dakota for at hast 100 miles into the 
British Posscssion.s, where its further eoiir.se hu.s been partially traced. The known 
|K)rtion of the moraine thus extemis with a wonderful jicrsistenee of eharacter for 3000 
miles, reaching across two-thirds of the breadth of the continent.“ Much attention has 
been paid to tlie variations in tho nature of the drifts in the intra-morainic and extra- 
moruluic areas, as evidence of the various advances and retreats of the ice.'’ 

’ In this strip of ground, calle»l by Lewis the “fringe," though there are no rock- 
striaj or drift, scatterwl northern boulders occur. Op. cit, p. 201. 

* T. Chamberlin, “Preliminary Pajier on the Terminal Moraine," 3»irf .Dm. Rtp. 
U.S. O. S. 1S83. Every student of glacial geology ought to make himself familiar with this 
Ailmirable summary. Ooiisult also 0. M. Dawson, ' Report on 49th Parallel ’ ; F. Wahn* 
schafTe, A. D. O. O, 1892, p. 107. J. B. Tyrrell {Bull. Oeol. iioc. Amer. i. (1890), p. 395) 
describes the terminal moraines in Manitoba and the ailjacent territorius of N.W. Canada; 

* See in particular the Rtpori* attd Maps qf the Geol. Sun^. A etc Jepey, by R D. Salis- 
bury and his colleagues. 



Ill t&t aoii*glMUt«d re^nt, Mfldenoe of the preMnce and inflneaoa of tii« 
ia probtUj ftirniahed by high alluritl terraoaa, which could not have lieen formed under 
the present conditions of diainage, From this kind of tvideiiot? it is believed that when 
the ioe-sheet crossed the Ohio Hiver near Cincinnati, it fionded Ivack tJie drainage of 
the entire water-basin of East Kentucky, ftouth-eost duo, West Virginia, and Wcaiern 
Penuivlvania, up to a height of ]ierhap.> 1000 feet, forming a lake at (hat level.* Similar 
iudicAions of a la^c, causi-d by an u'c-daiu |HUidiiig l»ack the diainage, aie found at the 
head of the Red River in Minnesota.* Tlio largi-at sheet of fiesh water a Inch has left its 
records in that region lias la-en eallwl “Like Agai»»i/.*‘ It iHTupiwl the basin of the 
Rail River of the North and lake Winnijieg, and ap}>eHiii to have Ufu due to the inter- 
ceptiou of the drainage iiorthuard by the united Keewatin ami Uimuitide ice sheets. 
It is rom|)uteii to have Ia‘en 700 miles long from north to soulh, and to Imve eovered, 
from fii-st to last, an area of 1 10,000 wpiaie miles, thus excewling the total area of the 
five great existing hikes -Suiieiinr (:tl,*200), Michigan {2‘i.^rlOt, Union with tieorgiaii 
Bay (23.800), Krie (9960), Ontario •,724()\ which have a united aieji of 94,6r)0 Hqiiare 
miles.® Many otlier “glacial lakes,” which no longer exist U^caiise their leediarriers 
have disap{>eared, have been found scattered over Canada.^ 

The deposits left by the ice-shect witliin the limits of the tciminal momiiies so 
resemble thase of Europe that no special dewription of them is nsjnired. 'J'hc lowest 
of them, resting on icc woin nicks, is a stiff, unslratiticd l>ou!dcr-drift or till, full of 
polished and stiialed stones. Oeca.sional “ intergho iar’ iiitcivalations of sand and 
clay, which in some places, u.s at Boithuid, in Maine, have yiehlcd many existing 8|M‘eies 
of iiianne organisms, ami in <itheis, as in Iowa, include forest-lK‘ds, jM>«t and other 
remains of Uml plaiits, with Iresh-water shells, sepaiau^ the lower fjoni an up|it‘r Itonldrr 
clay, which h looser, and iiioie gtavelly and sandy than the (dder de|»osil, eonlains 
larger rough and ungulai bUs k.-, ami has ncjuiicd a yellow tint fioni the oxidising 
influence o( .sat face waters.’' The houhlciN vaiy up to 10 (sometimes even 40 feet) in 

diameb-r, and have .seld<»m ti.ivilbsl inon- (Inui 20 miles. The bimlder clays tiver wide 
areas are distributed in lenthulai lidges, drums m drumlins, from a lew hundred fact 
to a mdc in length, from 2fi to 200 feet high, ami with a persistent snuiothness of out- 
line ami rounded top.s." .\m in Ennijs', the longei axes of those drums ia generally 
jiarallel with that of tlie stiiation of the underlying locks. 

At the heiglit of the Ice Age theie weic huge glaemis in the Rocky MounUins of 
the L’niteil .States, whereid the small glj< ieis first found by lluydeu’.'. .'survey among the 
Wimi River .Mountains in Wyoming are some id the kst lingering relics.* But though 
the ico tilled up the valliy.s to a dejith of 1600 feet or mote, and lianspoiu-d vast 
quantities of detritus wliidi now remains in prominent moi.une.s ami scattered houldera, 

‘ H. ('. Ijcwis, “Ki'port on the Teriiiin.d Momme,” nl>ove cititl. 

* W, L'phain. /Vor. dwor. >xxu. i>. 211, 

® For a full account of this vani-lied lake (now rejireseiited only by mattered sJieeU of 
water in the hollows of its liasiii), with its teriaces. dunes, deltas, and other features, see W. 
Uphain's eluliorate and instructive iuonogra|di. ‘The (ihuial Lake AgaKsi?' -a thii'k i|Uurto 
volume with numerous mniw fonning Monograph xxv. of the L'.<V. fr. M. ]89f». 

^ W. Uphaiii, /!»//. -Sric. .I/Hcr. ii. (1891), p. 243. The vanished I.AkeH BoniievlUe 
and Lahoiitaii (p. 524) are other colossal exainplea which, though they did not owe tlielr 
origiu to ice-dams, but to an im-reasisl rainfall, kdong to Quaternary time, and may have 
been coeval with some of the tunes of heavier snowfall and greater advance of ^le ice-abeet«. 

* On the evidence of old soils lietween the Ismlder clays see F. Leverett, Jimm. Oeol. 
vL (1898), pp. 171, 238; and ‘Interglacial De|iosils iu Iowa,' by Calvin, Leverett, H, F. 
Bain and J. A. Udilcu, /Voc. /mm Aaui, Sn. v. 1898. 

* W., Upham, /W. /font. .Sr<r\ yai. Hut. xxiv. (1889), p, 258. See on Till, W. OtCroeby, 

itp. cU, xxv. (189p}, p. lir% TecAtwlogical ix. (1896), p. 116. 

^ F. V. Hayden’s Twelfth Report, fl.S, QfU. and Swrrtjf ufthe Territories. 



it never advanced into the plateau of the prairie country to the eait. ‘Whether or not 
the glaciers at the north end of the Rocky Mountains merged into and were turned aside 
by the southward-moving ice-sheet has ttill to be ascertained. Even far to the west, the 
Sierra Nevada nourished an important group of glaciers.' 

The loose dei^sits or drifts overlying the lower unstratified boulder-clay belong to 
the period of the melting of the great ice-sheets, when large bodies of water, discharged 
across the land, levelled down tlie heaps of detritus that had form^ below or fin the 
under i>art of the ice. There may have been many advances and retreats of the ice- 
sheets, and the deposits of many successive intervals may be included in the detrital 
aocura Illations that have been left bebimJ. Various attemjits have been made to unravel 
the sequence of deposition, but it may be doubted whether any local order which may 
be ascertained will atTord a satisfactory and generally a])p]icablo arrangement. The re- 
modelled drift has by some writers been classed as the “Champlain group.” * Lower 
[lortions arc somctime.s niiiitratiiied or very rudely stratified, while the up^ier parts ate 
more or loss perfectly stratified. Toward.s the eastern coa.sts, and along the valleys 
penetrating from the sea into the land, those stratified beds are of marine origin, and 
prove that during the “ Cliatnjilain ” periofl there was a depression of the eastern part 
uf Canada and the United States beneath the sea. The marine accumulations fonned 
during tliis submergence arc well develo|)ed in Eastern Canada, where they show the 
following subdivisions : — 


PoHt-jjIai'iul ncouimilatioiis. 

Saxicavii '•and and Kravel, often with transported l)Oulders (Upper Boulder deposits, 
St. Maurice and Siuel Hands). Shallow-water l)oreal fauna, rnyosa, 

bones of wliales, &c. 

Upper b*dtt clay (and pmbalily “Hangeen clay ’ of inland) ; clay and sandy clay 
with luirneruns marine shells, which are the same as those now living in the 
northern part of Gulf of St. Lawrence; also in some tlistricts fresh -water 
shells and plants.^ 

Lower Leda clay, flue, often laininateil, with a few large travelled boublers' 
(proltably ecpnvalent to “Erie Clay” of inland; “C^iarnplain Clay,” liower 
Hliell sand of Beauport); contains PortfindUi arctini, Teihna {Macoum) halthica 
(t/nrHldmiica) : probably deposited in cold icc-laden water, 

Boubler-<'lay or till ; in the liower Ht. I,uwreuce region contains a few Arctic shells, 
but farther inlaml is tinro.ssiliferou8. 

I'eaty beds, marking pre-glaoinl land-surfaces.'* 


The Lcda clays rise to a height of 600 feet above the 3t*a. On the hanks of the 
Ottawa, in Gloucester, they contain nodules which liavo been foimcd round oi-ganic 
bodies, iMirtumlarly the fish M<Ulotns lulloans or capcling of the l.ower Ht. Lawrence. 
Sir J. W. Dawson also obtained nuiiiei'Oii.s remains of terrestrial marsh-plants, grasses, 
cariecs, mosses, and alga*. This writer states that about 100 species of marine inver- 
tebrates have lieeii obtained from the elay.s of the Ht. Lawrence valley. All except 
four or five species in the older [lart of tho deimsits are shells of the boreal or Arctic 
regions of tho Atlantic ; and about half are found also in the glacial clays uf Britain. 
Tho great majority are now living in the Gulf of St. Lawrence and on iieighboniing 
coasts, esi»ecially off Labrador.® 


* J, Leconte, .fwrr, Jouni. Sri, (8) ix. (187ii), p. 126. See A. G. Amer. Xuturalisi, 
1880, for a paiwr on the ancient glaciers of the Rooky Mountains. 

* See J. D. Dana, Amer. Jmtrn. Sei. x. (1875), p. 168; xxvi. (1888), xxvii. (1884); 
Winchell, ($. cit. xi. (1876), p. 226, 

* For a list of Canadian Pleistocene plants see Sir W. Dawson and D. P. Penhallow, 
BhU, fieol. Soe. Amer. i. (1890), p. 811. 

* d W. Dawson, Supplement to * Acadian Geology,' 1878 ; Canadian Jt'atiqgalijit, vi. 
(1871) ; Mag. 1883, p. Ill ; Bull, iieog. Soe. Amer. i. (1890), p. §11. 

A Dawson, * Acadian Geology,* p. 76. 



IMIKf OM QLAUIAL SERIES 1U» 

T«nraces of iiiariue origin occur both ou the coa«t aqd far ittUutl. On Ute ooait of 
Haine tliejr appear at iicights of 150 to 200 foot, round Ijake Champlain at least M 
high as 300 feet, and at Montreal nearly 500 feet alnire tlie present level of the aea,* ** 
It would ap{)oar that the aubiuergeucc of which theRo terraces are the rn'ords did not 
affectihe extreme eastern part of the land along the coast from Xuva Scotia to New 
York,\ut that it eteatlily increahod towar«i« the north till it reached jM*rhapa aa much 
as 800 feet north o» MontrealJ* In the ahseuce of organic remains, Imwever, it is not 
always irossible to diHtiiigui>)i I'ctween terraces of marine origin marking former sea . 
margins, and tl)0S4> left Ity tire retirement of rivers and lakes. In the Hay of Kuiidy 
evidence has been cited by Dawson to prove subsidence, for he observed there a 
submerged forest «>r pine and beech lyittg 25 feet btdow high-water itrark.* 

Inland, the stratitied parts of the “Champlain group *' have Ireen acenrnulated on the 
sides of rivers, and preserrt in great jwrfection the terrace character already (p. 507) 
descnbwl. The successive platforms or terractss mark the dimuintion <d‘ the Mtruams. 
They maybe coniietlcd also with an intermittent npri.so of the land, and arn thus 
analogous to sea terraces or raisecl Iwaches. Kach uplift that increased the declivity of 
the livers wouhi augment their rate ot flow, and c,onKet|uently their acoiii*, so that they 
would be unable to reach their old flood plains. Such evidences of diminution are 
almost universal among the valleys in the <lrift coveivd j>arta of North America, aa in 
the similar regions of Eurojs*. Soinetimu four or irve platforniR, the highest being 
100 feet or more above the |ire<H*nt level of the river, may be seen rising above each 
other, as in the well-known example of the ('onneetuuit Va.lley. 

The terrace.s are not, howevt r. confined to river valleys, hut may be traced rmind 
many lakes. Thus, in the basin of Lake Huron, deposits of tine sand and clay contain- 
ing fresh -water shells rise to a licight of Ht feet or more above the present level of tbo 
water, and run back from tlic shore .sometimes for 20 miles. liegular terraces, curresjsmd 
ing to foimei water-levels «jf the lake, run for miles along the shores at heights of 120, 
150, and 200 feet. Shingle beaches and mounds or ridges, exactly like those now in 
couise of fonnatnm along tile e.\{Ki<>ed sboiesof Lake Huron, cun l>e rtH.>ognised at be.igbta 
of- 60, 70, and 100 feet. Dnfossiliferons teiiaces occur abundantly on tlie margin of 
liSko SuiKjrior. At one point mentioned by liogaii, no fewer than seven of these ancient 
beaches (xriir at intervals up to a height of 331 feet aliove the present level of the lake.^ 
The great abundance of ten aces of fluviatile, lacustrine, and marine origin led, ae already 
stated, to the use of the term “Terrace e|K»ch’' to designate the time when these re- 
markable topographical features were produced. The cause of the former higher levels 
of the water is a difficult problem. In some cases it has doubtless srisen from dims 
formed by tongues of ice during the retreat of the ice-sheet. 

India — There is abundant evidence that at a late geological {leriod glaciers 
descended fiom the southern blo^tes of the Himalaya Mountains to a height of less than 
3000 feet above the )>resent sea-level. Large moraines are found in rosny valleys of 
Sikkim and Kasteni Ne|»al between 700U and 8000 feet, and even down to 5000 feet, 
above sea-level. In the Western Himalayas {leiched blocks are found at 3000 feet, and 
in the Upper Uunjaub very large erratics have been observed at still lower elevations. 
No traces of glaciation have liceii detecteii in Southern India. Besides the physical 

* On terraces of Lake Ontario see Amtr. Joum. Sri. (3) xxiv. p. 409. 

^ The deformation of the lan«l during this sabinergence has been traced by De (leer In au 
interesting paper *‘On Pleistocene Changes of Level in Eastern North Ameri&i," Proc. 
Boston Sue. Jfat. Ilist. xxv. (1892), p. 454, with a map showing the distribution of the 
iaobaaes or lines of equal deformation. 

* * Acadian Geology,' p. 28. e 

* Logai/f*Oeolo« of Canada,' p. 910. Consult also the paper by O. K. Gilbert on 

** Lake Shores " citeS^>n p, 52^, and the various pa^iera ou the uplift of this region referred 
to on p. 887. 






§fid«ao6 of TofrigentioD, the present fades and distribution of the flora and fanna on 
the south side of the Himels/e chain suggest the influence of a former cold period.^ 

AuftsraJaiia.— The present glaciers of New Zealand are conflned to the mountains, 
though in the case of the Fox glacier they reach to witliin 650 feet of the sea-level. At 
a comparatively recent geological period, however, they hod a much greater ex^nsion, 
for they descended into the plains, and, on the west side of the island, advance/ below 
the present sea-level. Along that coast-line their moraines now reuch the sca-margin ; 
huge erratics stand up among the waves, and the surf breaks far outside the shore-line, 
probably upon a seaward extension of the moraines. 

Captain Hutton has pointed out that there is no biological evidence of any 
general and serious refrigeration of the climate of the region since Tertiary time ; the 
Pliocene and Pleistocene deposits in their molluscau fauna could not have failed to 
chronicle it had any such serious change of temperature taken place. He believes that 
the principal jrart of the sub-tropical flora and fauna of New Zealand was introduced 
before the Miocene period, and has flourished ever since, and that any serious diminution 
of the temperature of the islands would have exterminated all but the more cold-loving 
a]>eciee of plants and animals. He maintains that the cause of the former greater 
extension of the glaciers is to be sought in the fact, of which there are other independent 
proofs, that the land then stood at a far higher level than it docs at present, an additional 
8000 to 4000 feet being estimated to suffice for restoring the glaciers to their former 
maximum size. He likewise adduces grounds for believing that the glacier epoch (which 
he declines to regard as a glacial ofiooh) in New Zealand dates back to a much earlier 
time than the Ice Age of the northern hemisphere, probably to the Pliocene period. 

It has been ascertained by the evidence of moraines, erratic blocks and striated rock- 
surfaces, that the Australian Alps once nourished a group uf glaciers which, with their 
snow-flelds, may have covered an area of 150 square miles. The ice at Mount Kosciusko 
crept down to within 5200 feet of the present sen-level, while in Victoria what appears 
to be moraine material descends to 2000 or possibly to 1000 feet above the sea. At the 
samo time the western highlands of Tasmania between the contours of 2000 and 4000 
or 5000 feet were buried under snow and ice. In this region, os in New Zealand, the 
later Tertiary and post-Tertiary formations have furnished no sufficient proof of any re- 
frigeration of the sea.* 

To the Upper Pliocene and Pleistocene |>eriods are assigned the wide terraced 
gravel-banks and alluvial flats which occur in the main valleys of Australia, and the 
great alluvial plains which in some of the colonies form such marked features. These 
deposits vary up to 300 feet in depth, and are a great storehouse of alluvial gold. 
They may possibly indicate that a greater rainfall was concerned in their formation than 
now characterises the same regions. If the glaciers of New Zealand, reached the 
sea, the mountains of Australia nourished snow- fields, and the great Antarctic ice-sheet 
crept farther north during some part of this cold period, the rainfall may have been so 
augmented that the rivers spread out far beyond the limits within which they are now 
confined. 

Medlicott and Blanford, * Geology of India,’ p. 586. 

* F. W. Hutton, Auafnifanan Assoc, Adelaide, i893, “Report of Committee on Glacial 
Action in Aoitralaiia.*' See also hU ' Geology of Otago,’ p. 83, and for a fuller statement 
of his vk.w8 on this subject his address on the Origin of the Fauna and Flora of New 
Zealand, N. Zealand Joum. Set. (1884) ; and Pnc. Linn. Soe. If.S. Wales, x. part 8. 

* T. W. Edgeworth David, Address to Ssetim C, Australasian Assoa Brisbaxie, 1896 ; 
R. M. Johnston, *‘Tlie Glacier Epoch of Australuia,” Proe. Rog. Soc. Tasmania^ 1893. 





Seotion il. Reoent. Post-glaelal. or Hunum Period. 


§ 1. General Characters. 

The long succession of Pleistocene ages shaded without abrupt change 
of any kind into what is termed the Human or Keoent Period.' The Ico 
Age, or Glacial Perio<l, may indeed be said still to exist in Kurope. The 
snow- fields and glaciers have disappeared from Kritain, Franco, the 
Vosges, and the Harz, but they still linger among the Pyrenees, remain 
in larger mass among the Alps, and spread over wide areas in Nortliorn 
Scandinaviii. This dovetailing or overlapping of geological peiijxls has 
been the rule from the beginning of time, the nppjirently abrupt 
transitions in tlic geological record being due to imjwrfections in the 
chronicle. 

The last of the long series of geological periods may be sulxiivided into 
subordinate sections as follows : — 

Histone, up to tbo proHont time. 

( Iron, Hro!u«, and later Stnne. 

Neolitliio. 

Palseohthio. 

The Human Period is above all distinguished by the presence and 
intluenco of man. It is ditfieult to determine how far back the limit of 
the pcrioil should be placed. The question has ofUm been ivsked whether 
man wa.s coeval with the Ice Ago. T<) give an answer, we must know 
within what limits the term Icc Age is usfxl, and to what {xirticular 
country or district the question refers. For it is evident that even to-day 
man is contemporary with the Ice Age in the Alpine valleys and in 
Finmark. There can be no inhabited Eurojxj after the 

greatest extension of the ice. He not improliably migratetJ with the 
animals that came from warmer climates into this <;oiitinent during inter 
glacial conditions. But that he remained when the climate again became 
cold enough to freeze the rivers and jKtrmit an Arctic fauna to roam far 
south into Euroi)e is proved by the abundance of his flint implements in 
the thick river- gravels, into which they no doubt often fell through holes 
in the ice as he was fishing. 

The proofs of the existence of man in former geological perii)dK are 
not to be expected solely or mainly in the occurrence of his own bodily 
remains, as in the case of other animals. His liones are indeed now 
and then to be found,* but in the vast majority of cases his former 

* See for general informetioD Lyell’a ' Antiquity of Mao,’ Lubbock's * Prehutoric Tiroes,* 
^Evans’s 'Aneient Stone Implementi,’ Boyd Dawkius’s 'Cave Hunting’ and 'EarljsMan in 
BriUlii,’ J. Geikle’s ‘ PrebUtoric Europe.' 

* Mr. B. T. Newton has collected the instances where actual human bones of Palaolitbic 
age have been found. Presid. Addresa, Proc. ilvi. Amoc. zv. (1898), p. 246. Refer- 
once may be^made here to a discovery in a volcanic tuff in the island of Java, regarding 
which ranch disc^isiion has arisA. Numerous bones of Pleistocene animals had {nevioualy 
been found ia the deposit, in 1891 the roof of a laige skalljpvas obtained which was claimed 
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ia«Bence ii revealed by the implemente he hae left behind him, 
SnCi rS orLie. Many yearn ago the archi^log.sU of 

Denmark, adopting the phraseology of the ^ 

early traces of man in three great divisions-the Stone Age, Bronze 
Age^and Iron Age. There can be no doubt that, on the whole this 
bM been the general order of succession in Europe, j, herc 
Ine and bone We they had discovered ‘he - of ^ndj^rnt 

bow to obtain bronze before they knew anything of the meUI urgy 
of iron. Nevertheless, the u.se of stone long survived the mtro^ 
dnetion of bronze and iron. In fact, in European countries where 



Fig. 45*;..- raliwhUiic Flint Implentenl. 


metal has been known for many centuries, there are districts where 
• 1 menta are still employed, or where they were in use until 

stone ™Pi® j j bvious aUo that, as there are still barbarous tribes 

ummquamted with the tawca 

extinct The material or fhape of the 

^logical pen .i,™{ore be always a very satisfactory proof of 
implement Mn circumstances under which it was 

rX Vm thT^i Satin north-western Europe the ruder kind, of 
found. Fro occur in what are certainly the older deposits, 

J » trul, haowa. ; D. J. 

mwnclwushalicli. UelKstgaaptonn su. Ja'fc uaisvi., 
li 08*5), p. 4J8 i W. Tttra«r, p. at- V- «*l- 


iteii'tj ilxotm^<arpm‘-eiAeiAL ssitm 
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found in later accumulations, the Stone Age has been subdivided into an 
early or Palaeolithic and a later or Neolithic epoch. There can Iks no 
doubt, however, that the latter was in great measure coeval with the ^[;e 
of hronze, and even, to some ext(Uit, with that of iron.' 

deposits which cotitain the history of the Human Period ai’o river* 
alluvia, brick-eaf h, cavern loam, ciilcareous tufa, loess, lake-bottoms, peat* 
mosses, sand-dunes, and other superficial accumulations. 

Pal.«OUT»I(;.^ — U nder this tenn are included those do)K>sits which 
have yielded rudely -worked flints of human workmanship associated 
with the remains of mammalia, some of which are extinct, while others 
no longer live where their remains have Ihkui obtained. An association 
of the same mammalian remains under similar conditions, but without 
traces of man, may he assigned to the same geological jK?riod, and be 
included in the i^ilscolitiiic series, A satisfactory chnmological classifi- 
cation of the de|X)sit8 containing the first relics of man is perhaps un- 
attainable, for these deposits occur in detiched areas and ofter no meAiis 
of determining their physical se<jucnce. To assert that a brick-earth is 
older than a cavern-hreccia, because it conUiins some bones which the 
latter does not, or fails to show some which the latter does yield, is too 
often a conclusion drawn l>ecau8o it agrees with preconceptions. 

Kiver-Alliivia. — Above the present levels nf the rivers, there lie 
platforms or ternices of alluvium, sometimes up to a height of 80 or 100 
feet. The .80 deposits are fragments of the river-gravels ami loams laid 
down when the streams flowed at these elevations. 'Phe subsetpienl 

* Ttc may jirofitalily ••nnsuU Sir Artliur ‘Past in the J*reH<*nt,’ 1880, 

for the warning it contains as to the <langer of the antiquity of an implement 

merely from its rn<l«'nehs. 

- This term has ix-en fnrtlier snlxlivhled into live minor aertions arronling to the degree 
of“fliiish" in the instruments hihI their prcuumed chronological ortler. Thus (1) d<>poNiie 
containing the very inde t>j>o of worked flints found at Chellea near Paris, and regarded as 
the oldest of the senes, liaie Ikhmi calhsl t'hflhan , (‘J- those containing flinta with evidence 
of more labour bestowed on them, like the higlnr type found at St. Acheul, have l)ecn tertnetl 
Acheulma ; (3) those with iiiqilenn-nts like the st rapei-h of Moustier (Dordogne) have been 
named Mouxtermn . M) tlicse where the flint-, have U-en more tleftly worked, like lha 
implements found at Solntr*' in Knrgnndv. have been called Mutvian ; while (5) those which 
contain wetl-ftnislie<l iinplements ,issociiite<| with cnrve«l bone and ivory, as at the caves of 
I^a Madelaiue (Pi'rigord), hav«* in'en ealU-«l Mmjtluhnvin ((J. de Mortillct, t'umftl. rend. 
Congrtji (ifttl. 1878; Rn'. Ratir A nthropuhnitr, 1897, p. 18 . K, Pielte, L' Anlhrdpuhgtt'. viL), 
Tlie Magdalenian jieriofl or *ibfpt\r of Pielle has been further divjdisl by liim into two 
great epochs, the JChm'n^’an or tune of the maminoth. going back into glacial limes, when the 
men live<l who carved the likenehs ot that aniinal on its tusks, and the Turandenn or reindeer 
epoch, when the climate hiul ameliorated, but when reindeer still lived in the aoiith of Franc# 
and were hunted by a more ailvanced type of mankind (Piette, ‘ L’ejioque Eburm^nne,' fift. 

• Quenten, 1894 ; L' Anthropuh/gir^ vi. vii.). Another claasiHcation propooed by Mr.^^J. Alim 
Brown is bastsl solely on the character of the impleraents : (It EoHthic, (2) PalHsilithic, (3) 
Mesolithic, (4) Neolithic, Jovrn. Anthmjt, Jn9t. 1892. Classiflcations which do not rest on 
the evidence of superposition, but merely on the character of hnmnu workmanship, mui^ b# 
received with great caution, l^is basis must often lie deceptive ami of no chronological 
valne, though some weight may ne atta<:he<l to the presence of dilTereut mammals with th» 
different types of instniiiieiit. 
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•otion of the running water has been to clear out much of the old alluvial 
material then accumulated, eo as to leave the valleys widened and 
deepened to their present form (an/«, p. 507). River-action is at the best 
but slow. To erode the valleys to so great a depth beneath the level of 
the upper alluvia, must have demanded a period of many centuries. / There 
can therefore be no doubt of the high antiquity of thes/. deposits. They 
have yielded the remains of many mammals, some of them extinct (EUphas 
antiquu.% Hippopotamus amphiUtts^ Rhinoceros megarhinus (Merckii)^ together 
with fiiut-flakes made by man, and even sometimes the bones of man 
himself.' From the nature and structure of some of the high-level 
gravels there can 1)6 little doubt that they were formed at a time when 
the rivers, then possibly larger than now, were liable to be frozen and to 
be obstructed by accumulations of ice. We are thus able to connect the 
deposits of the Human Period with some of the later phases of the Ice 
Age in the west of Europe. 

Brick-Earths. — In some regions that have not been below the sea 
for a long period, a variable accumulation of loam has been formed on the 
surface from the decomposition of the rocks in sitUy aided by the drifting 
of fine particles by wind and the gentle washing action of rain and 
occasionally of streams. Some of these brick-earths or loams are of 
high antiquity, for they have been buried under fluviatile deposits 
which must have been laid down when the rivers flowed far above their 
present levels. They have yielded truces of man associated with bones 
of extinct mammals. 

Cavern Deposits. — Most calcareous districts abound in under- 
ground tunnels and caverns, as well as in fissures o|)ening on the surface 
of the ground, which have been dissolved by the passage of water from 
al)ove (p. 477). Where a gaping ‘chasm has communicated with the 
surface, land animals during successive generations for hundreds of years 
have fallen into them, until the fissure has been filled up with carcases, 
and detritus washed in from above.* Where, on the other hand, caves 
, have offered places of retreat, they have been used as dens by animals 
and as dwellings by man himself. The floors of such caverns are not 
infrequently covered with a reddish or brownish loam or cave- earth, 
resulting cither from the insoluble residue of the rock left behind by 
the water that formed the caverns by solution, or from the deposit of silt 
carried by the water, which in some cases has certainly flowed through 
these passages. Very commonly a deposit of stalagmite has formed from 
the drip of the roof above the cave-earth. Hence any organic remains 
which may have found their way to these floors have been sealed up and 
admirably preserved. 

Calcareous Tufas. — ^The deposits of calcareous springs have some- 
times preserved remains of the flora and fauna contemporaneous with the 
early human inhabitants of a country. In Europe, among the more 
c€;lebratcd of these deposits are those of Cannstadt in Wiirtemburg, which 

' E. T. Nenioo, * On a Hunmn Skull and Limb-bonei t'. Palaolithic Graval, OuUay Hill, 
Kent/ Q. J. G. S, li. (1805), ». 605. 




bare gelded tpecimetid of twenty-nine tpeeiee of pUnU) ooniiiting of 
oaks, poplare, maples, walnuts, and other trees still liTing in the surround- 
ing country, but with the remains of the extinct mammoth ; and of 
Oell& near Moret, in the valley of the Seine. 

fi^oss. — The physical characters and probable asolian origin of this 
rema/kable sit having been already mentioned (p. 4 39), we may now 
consider it in reference to its place in geological history^ In Central 
Europe it covers a wide area. Beginning on the French coast at San- 
gatte, it sweeps eastward across the north of France and Belgium (Hes- 
hayan loam), tilling up the lower depressions of the Aniennes, passing 
far up the valleys of the Rhine and its tributaries, the Necker, Main, and 
Lahr; likewise those of the Elbe above Meissen, the Weser, Mulde, and 
Saale, the Upper Oder and the Vistula. Spreading across Upper Silesia, 
it sweeps eastward over the plains of Poland and Southern Russia, where 
it forms the substratum of the Tsehemozom or black-earth. It extendi 
into Ik)hemia, Moravia, Hungary, Gallicia, Transylvania, and Roumania 
sweeping far up into the Carpathians, where it reaches heights of 200( 
and, it is said, even 4000 or 5000 feet above the sea. It has not beoi 
observed on the low Germanic plains south of the Baltic, nor south o 
Central France and the Alpine chain. Though thickest in the valley 
(100 feet or more), it is not coritined to them, but spreads over th 
plateaux and rises far up the flanks of the uplands. Near its odgt 
where it abuts against higher ground, it contains layers or patches c 
angular di^hris, hut elsewhere it preserves a remarkable uniformity ( 
texture. 

In the United States the loess presents some differences from il 
European development. It is widely distributed in the great basin < 
the Mississippi, where it more especially keeps to the valleys, heiii 
thickest, coarsest, and most typical in the bluffs bordering the rivers an 
shading away from these places into finer material, a feature whic 
suggests that in some way the deposit was connected with the operatioi 
of t^e great streams. On the other hand, it has a vertical range of n( 
far short of 1000 feet, even within 20 miles may rise to 500 or 700 fet 
and crosses the watersheds, features for the explanation of which v 
can hardly suppose the great rivers to have been so flooded as to uni 
their waters over the dividing ridge and form a flood many hundred fe 
deep. There appears to be a close relation between the distribution ot 
the loess and the edge of the former ice -sheet, suggesting that the 
deposit was connected with the ice. Again, it has been ascertaineti that 
there have been more than one interval during which loess has been 
formed, for it has been found in Wisconsin and elsewhere, sometimes 
with a thick soil on its upper surface, buried under till. It would thus 
appear that the causes which produced this singular deposit can traced 
back into the Glacial period.' 

The European loess is sometimes found resting on gravels containing 
remains of the mammoth. It may be observed to shade off into*mure 

* In North America, u ^ Enrope the loece has giren riae to much diecaMton. See 
the papers cited on pp.«440, 1361. 
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recent illuvial accumulations. On this continent also, it is probably not 
all of one age, but has been deposited at many different heights during 
a prolonged period, beginning during a dry, cold interval of the Ice 
Age, and continuing until long after man had come upon the scene. 
Though on the whole not rich in fossils, the loess has yielded a pc<:uliar 
fauna, which singularly confirms Richthofen’s view that deposit was a 
subaerial one. In the first place, the shells found in it are almost with 
out exception of terrestrial species. Out (d 211,968 specimens from the 
loess of the Rhine, Braun found only one hnickish and three fresh-wator 
forms, Limnm and JHanorIns, of which there were only 32 specimens in 
all. Of the rest, there were 98,502 examples of two species of Sucdiiea^ 
an amphibious genus, and 113,434 specimens belonging to 25 species 
of Pupa, Clamilia, Pulimiis, Litniix, and Fitrinn — unquestionable 

terrestrial forms. ^ It is worthy of note that Helices ancl Succineas 
abound at present in the steppe-regions of (Central Asia, and that many 
of the species of loess mollusks are now living in liast Russia, south- 
west Siberia, and on the prairies of the Little Missouri in North America.* 
The abundant mollusks in the loess of Iowa and Nebraska are all land 
and fresh-wator shells belonging in species still living in the region.^ 

From various psirts of the Kuropcan loess, Dr. Nehring has described 
a remarkable assemblage of animals, which included a jerboa {Aladatja 
jaculus), marmots (Speniup/iilns, several species), ArdomijA boUic, tailless 
hare (I/ujoinys p\isillm), numerous species of Arvintlif, (Uicdm JrimfTUarins, 
(\ pheas, porcupine {Ilystrix himutirvstm), wild horses, and antelopes 
{Anlilope saiya). This fauna, excepting some extinct or extirpated 
species, is identical with that which now lives in the south-east 
European and south-west Siberian steppes.^ Besides these distinctively 
steppe animals the loess contains numerous remairis of the mammoth 
and woolly rhinoceros, likewise hones of the musk-sheep, hare, wolf, 
stoat/ &c. It has also yielded Hint implements of Balfeolithic types. 
The bones of man himself were claimed many years ago by Ami Bou6 
to have been found in the loess, and his opinion has been in some 
measure strengthened by more recent observations. 

As already sUted (p. 440), the problem of the loess has given rise to 
much discussion. It has been regarded by some writers as the deposit 
of a vast series of lakes ; by others as the mud left by swollen rivers dis- 
charged from melting ice-fields ; * by others as a sediment washed over 

* Z<it9ch, ftir die gesammt, Natuncm, xl. p. 4.*), as quoteil by H. H. Howorth, (Jeol. 
Mag. 1882, p. 14. 

* A. Nehring, fJeol. Mag, 1883, p. 57 ; AVit>w Jahib. 1889, p. 66; ‘ Ueber Tuudren 
wnd Steppen,’ Berlin, 1890, 

* B. Shimek, Rep. Iowa Acad, Set, 1897. 

* Nehring, Ged, Mag, 1883, p. 51, where a reference to this author's numerous roemoira 
on the lubject will be found. Sm also J. N. Woldrich on the Steppe fauna, jXeuee Jahrb. 
1897, ii. p. 159, and Nehring in same vol. p. 220. 

* fhia view has been well expressed by Messrs. Chamberlin and Salisbury (6^ Ann. 
Rep. U.S. O. S. 1885, and papers in Jo/am. Oed. since 1892), and by Mr.^M*Cke (IIM Ann. 
Rtp.'U.S. G. S. 1891). See also the writings of Prof. Calvin^'and his oidimiates in the /Zsp. 
Oiok Setn. Iowa, and of Prof. Wl chell and Mr. Upham in the Rep Otd Snrv. Minneeota. 
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the surface of the land by an abundant rainfall. The remarkably 
unstratihed character of the loess as a whole, its uniformity in fineness 
of grain, the general absence of coarse fragments, except along its 
marmn, where they might Imj expecteil, its singular ituIejKsmIence of the 
undSjlying contour of the gi'oiuul, and the almost total absence in it of 
fluviaulo or laoy«trine shells, seem to indicate that it cannot, as a whole, 
have been laid down by rivers or lakes, though it nu^y, tx> a greaUT or 
less extent, have been derived from the desiccation juid leoliaTi tran.sjwi't 
of the fine seiUinent spread out on the flood plains of gljicial rivers. Its 
internal composiliotj, the thoroughly oxidised condition of its ferruginous 
constituents, its di.stnbution, and 
the striking chameter of its en 
closed organic remains, jwint to 
its having been chiefly accumu- 
lated in the open air, probably 
in circumstances similar to tbo.se 
which now prevail in the dry 
steppe regions of the globe. It 
appears to mark one or more 
arid intervals after the height 
of the Glacial I*en*(Kl had passed 
away, when, whilst the elimaU* 
still reinaineil eoM and the 
Arctic fauna had not entirely 
retreated to the north, a series 
of grassy and dusty >teppc8 
swept across the heart of Eiuope, 

Asia, and North America.' 

PalsBolithic Fauna The 
mammalian remains found in 

I’alsolithic (loposits an; rc A„u..r.,f 

markable for a mixture of j,t niiiH-y m*...!, Khki Dcn imih, N.-rrdk. 

forms from warmer and cobler 

latitudes similar to that .already noted among the interglacial beds. 
It has been inferred, indeed, that the Pala-olithic gravels are them- 
selves referable to interglacial comlitions. On the one hand, we 
meet with a number of species of wanner habitat, as the lion, hysena, 
hippopotamus, lynx, leopard, and cafi'er catj aiul, in the If)C 3 H, the 
* Tli« views proj>oun<k-‘l Ijy Kichlhoft u ior llie loens of CIniia aiul ftpjilie'l Ijy Neliriiig 
to that of Enropf have Iwn ^M<lely adoi.tdl hy (He*, for example, t '. Kenl, fitvl. 

Mag. 1884, p. 16r> ; </ 1SK7. j*. ;i*;i ; jtlvm. isici, p. 3J4 ; Natuinl 

Sckncf^ ill. 1893. p. 3(57. A. Smith WowJwanl, /W. iTW. .W. 1890, p 613. T. K, 
Jamieaoo, OV/i/. Mag. 1890, ]i. 70). But. an btated aljovv, lliey have not Wen lifeiveraalljr 
received,- some ge<dogistH contemling that water tii different wa}H hnn 1)een ronceme*! in the 
formation ofthe loesa. See J. Geikie, * Brehintoric EiirojH*,' p. 244 ; Itfp, lirit. Amk. 1889, 
Addreas to Geol. Sect. Wahtisehaffe, Zeit$ck. iPtutsch. tM. O'es. xxxviii. (1886), p. 533, 
F. Sacco, Btill. Sttr. tihit. France, xxi. 0887). p. 229; tl»e papers of Chamberlin, HalUbury, 
and M‘0«e above Rted, and bthen by W. IJphaiu (.liner. OV/rf. ixxl. p. 25) end other 
writen in the United Stipes. 





Msemblage of forms above referred to as that wbicb still ch&racteriites 
the warm dry steppes of south-eastern Europe and southern Siberia. 



But^ on the other hand, a large number of the forms are northern, such 
as the glutton (Gnlo lusais), Arctic fox (Conis reindeer {Rmgiftr 

taraHdwi)t Alpine hare (iepu$ variabHis\ Norwegian lemming (Myedsi 
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Arctic Icmniing (Af. Immus^ M. obenm^ marmot {Airetmjfi 
mamoUa)^ Russian vole raUictp$\ musk-sheep (Ott6o< mo^cAuhis), 

snowy-owl (Stryx nydea). There is likewise a proportion of now wholly 
extinct animals, which include the Irish elk (Cmm (jiyanteus or Megacem 
hibet aitfus), Elc^^m prmigtnius (mammoth), E. aiUiqHus, Hhifioeeros mega- 
rhinis, JR. anti^t>iUntis (tichmhinus) (woolly rhinoceros), //. Ifptorhinvs^ and 
cave-bear ( Ursus speUnis). 

The Palieolithic fauna has been divided into three sections, each 
supposed to correspond with a distinct pericxl of time: 1st, the A.ge of 
EUphas antiijuus, with which species are associated Jihinocnos m^garhinus 
(Merckii) and HippopoUimus ampfnbius (major). 2nd, The Age of the 
mammoth, with the woolly rhinoceros, cave-bear, and cave-hyaum. Jlrd, 
The Age of the reindeer, when that animal passed in great numbers across 
Central Europe. But, as already stated, such subdivisions are admittedly 
artificial, and should only be used as provisional aids in the comparison of 
deposits which cannot be test'd by the law of su))erpo8ition. 

That man was contemporary with these various extinct animals is 
proved by the frequent occurrence of undoubtedly human implements, 
formed of roughly chipped flints, Ac., associated with their Ijones. 
Much more rarely, portions of human skeletons have been recovered 
from the same deposits. The men of the time appear to have camped 
in rock shelters and caves, and to have lived by fishing and by hunting 
the reindeer, bison, horse, mammoth, rhinoceros, cave-Wr, and other 
animals. That they trere not without some kind of culture is shown 
by the vigorous incised sketches and carvings which they have left 
behind on reindeer antlers, mammoth tusks (Fig. 497), and other bones 
depicting the animals with which they were daily familiar. Some of 
these drawings arc especially valuable, as they represent forms of life 
long ago extinct, such as the mammoth and cavc-bear. Again, from the 
walls of a cave at Font-dc-Oaume, near Kyzies in Dordogne, MM. 
CaJ)itan and Breuil have brought to notice no fewer than eighty frescoes 
with incised outlines, and iminted in tints of red and brown. Forty- 
nine of these represent bisons, which are drawn with great vigour. 
Among the paintings are those of two reindeer.* The men who in 
Paleolithic time inhabited the caves of Europe must have ha<i nmch 
similarity, if not actual kinship, to the modern j^kimos. 

Neolithic. — The deposits whence the history of Neolithic man is 
compiled must vary widely in age. Some of them were no doubt 
contemporaneous with parts of the Palaeolithic series, others with 
the Bronze and Iron series.^ They consist of cavern deposits, alluvial 
accumulations, peat-mosses, lake-bottoms, pile-dwellings, and shell-mounds. 

* Compt. rend, czxxiv. (1902), p. IfiSO, where fonr of the fn»coe« ore reproascod. 

* It luM genertUy been ossamed th«t there ie n hiatue Wtween the roconU of the 
Piheolithic and those of the Neolithic ago, though some writers (as Mr. J. Allen Brown, /ottm. 
AfUhrop, InMU. 1892) have contended for their continuity, lliere is certainly fto 
oonTinoti^ evidence of any seriotu interruption. M. IHetie has found ot Has d’Axil ( Ari(^) 
what he r^erda & evidence^hat bridges over this suppoeed gap. At that locality a bad of 
efaid«ni oontainiog Mag^slenUm types of implaroant is f verlain by a layer full of raddled 
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STRATIQUAtmVJUf ^*«x t 

The list of mammals^ (&c., inhabiting Europe during Neolithic is 
distinguished from that of Palaeolithic time by the absence of the 
mammoth, woolly rhinoceros, and other extinct types, which appear 
to have meanwhile died out in Eurojje. The only form now extinct 
which appears to have survived into Neolithic time was >.he Irish 4lk, 
which may have continued to live until a comparatively lete date.^ ' The 
general assemblage of animals was ])robably much what it has been 
during the pcjriod of history, but with a few forms which have dis- 
appeared from most of Europe either within or shortly before the 
historic period, such as the reindeer, elk, urus, grizzly bear, brown bear, 
wolf, wild boar, and beaver. But besides these wild animals there are 
remains of domesticated forms introduced by the race which supplanted 



the Palieolithic tribes. These are the dog, horse, sheep, goat, shorthorn, 
and hog. It is noteworthy that these <lomcstic forms were not parts of 
the indigenous fauna of Europe. They appear at once in the Neolithic 
deposits, leading to the inference that they were introduced by the 
human tribes which now migrated, probably from Central Asia, into 
the European continent. These tribes were likewise acqnainted with 
agriculttire, for several kinds of grain, as well as seeds of fruits, have 
been found in their lake-dwellings ; and the deduction has been drawn 
from these remains that the plants must have been brought from 

pebbles (lik.* those of soaie kitchen niiiMeus) without any trace of the reindeer, which is 
eupposei^l to have liecome extinct in the region, hut with veinnius of red deer, wild boar, ox, 
and heaver, jaws and vertebne of fislies, and iiuinerous harpoons with which the early men 
fished ip the neighbouring river Arise. xV considerable nnmltvr of trace.s of fniits and seeds 
have likewise .heeti obtained, inchuliug the oak, hawthorn, black thorn, filbert, chestnut, 
cherry, plum, walnut, and wheat. Dnll, Hk. Anthmii, 1S95, ^ AntJirtiptZigie^ vii. 

' Oenl. Mag. 1881, p. 3.54 ; .Viftwre, xxvL p. *246. 
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Southern Europe or Asia. The arts of spinning, weaving, and pottery- 
making were also known to these pet)ple. Human skeletons and bonet 
belonging to this ago have l)een met with abundantly in barrows and 
pea^rmosses, and indicate that Neolithic man was of small stature^ with a 
longer oval skull. 

llhe history of the Bronze and Iron Ages in Kurope is told in griuit 
fulness, but belongs more fittingly to the domain of the archeologist, 
who claims as his proper field of reseai-ch the history of man upon the 
globe. The remains from which the record of these ages is compiled are 
objects of human manufacture, graves, cairns, sculpture<l stones, &c., 
and their relati\e dates have in most cases to be decided, not u|k>ii 
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geological, but upon archaeological grouiuls. W hen the H(‘(pience of 
human relics can be shown by the order in which they have f>cen 
successively entombed, the inquiry is strictly geological, and the 
reasoning is as logical and trustworthy as in the case of any other 
kind of fossils. Where, on the other hand, a.H so often happens, the 
question of antiquity has to be decide<i solely by relative finish and 
artistic character of workmanship, it must be left to the experienced 
antiquary. 

§ 2. Local Development. 

A few examples of the uature of the depositt of the Palmilithic nnd Neolitliic Reriea 
in different parta dl the woril will suffice to show the general character of the evidence 
which they supply. 


Brito&i.-»Pal«fiolithio deposits are abseat from tbe north of England and froa 
Scotland. They occur in the south of England, and notably in the ralley of thi 
Tliamea. In that district, a series of brick-earths with intercalated banda of riw- 
gravel, having a united thickness of more than 25 feet, is overlain with a remarkable 
bed of clay, loam, and gravel {“trail'’), throe feet or more in thickness, whicn ip’ Its 
contorted bedding and large angular blocks probably bears witness toiits having been 
accumulated during a time of floating ice. The strata below this presumably glacial 
deposit have yielded a remarkable number of mammalian bones, among which have 
been found undoubted human implements of chip^ted fliut. The species include 
Hhinoceron leptorkinitSt R. antiquitatis {iicAorhinus), R. megarhinua, Elephaa atdiquuaf 
E. primiganitta, Cerwia gigarUaua {Megaceroa hibamicua), C. daphtu, Capreolua capreot 
Rajigifer taraitdna, Boa taurua var. longifrona^ Boa primigeniua, Biaon priaaia, Eelia ho, 
Hyana crocuta, CanLi lupus, Uraua apdo ita, U. arcloa, Oviboa moaduUua, Hippopotamus 
amphibiua {major), and present another exainplo of the mingling of northern with 
southern, and of extinct with still living forms, as well as of species which have long 
dinappeared from Britain with others still indigenous. Other ancient alluvia, far above 
the present levels of the rivers, have likewise furnished similar evidence that man con- 
tinued to he the contompurary in England of the nortliein rhinoceros and mammoth, 
the reindeer, grizzly bear, brown bear, Irish elk, hippopotamus, lion, and hytuna. 

As an illustration of the relation of the implement- bearing brick-earth loams and 
gravels to the glacial deposits, and those containing remains of an Arctic flora the 
following section, obtained by Mr. C. Reid at Hoxne, Suffolk, where for more than a 
century numerous iialjeolithic implements have been dug up, affords interesting 
evidence as to the oscillations of climate at the close of the Glacial, or beginning of the 
Recent Period. ’ 

Bluish-green loam or brick-earlh and laminiiletl loams (11 feet). This deposit has 
furnishcil the Hint implements, togeiher with bones of Ven'ua, Bos, E/rphaa, 

and numerous sjMjcies of fresh- water shells which are still living in the 
noighlK)urhoo<i. The climate indicated may have been much like that of the 
present time. 

Fine gravel (2 or 3 feet), yielding worked flints and implements. 

Black earth (13 feet), entiHUting of carbonaceous loam, sand, and vegetable matter, 
with no implements or remains of the large mammals, but with flsh-boues, 
scattered fresh-water shells, and abundant leaves Itelouging to three species of 
dwarf Arctic willow, more rarely to the dwarf Arctic birch, indicating on the 
whole an Arctic or high Alpine flora. 

Lignite (1 to 3 feet), made up of plants of temperate character, including 37 species 
of flowering plants still living in the district. 

Tincustriue clay (alxmt 20 feet), containing remains of fresh-water fishes and slielbi, 
with leaves and various fragments of marsh-loving and other plants of tein|)«rat6 
tyjHj. 

The caverns in the Devonian, Carboniferous, and Magnesian limestones of England 
have yielded abundant relics of the same prcdiistoric fauna, with associated traces of 
Palseolithic man. In some of those places, the lowest dc|)osit on the floor contains rude 
flint implements of the same type as those found in the oldest river-gravels, while 
othera of a more finished kind occur in overlying de)K)sits, whence the inference has 
been drawn that the caverns were first tenanted by a savage race of extreme rudeness, 
and afterwards by men who had made some advance in the arts of life. The association 
of hones shows that when man had for a time retired, some of these caves became hyena 
dens. Ujtiena hones in great numbera have been found in them (remains of no fewer 
than 300 individuals were taken out of the Kirkdale cave), together with, abundant 
gnawed bones of the animals on which the hyeenas preyed, and quantities of hysena* 
excreyibnt Holes in the limestone opeRiug to tbe surface (sinks, swidlow-holss) have 
likewise become receptacles for the remains of many generations of animals which fell 


^ Brit. Aaaoa. 1896, p. See also Proc. Roy., Soc. Izi. (1897). p. 40. 




i^'tibtiii hj MBoidMit, or crawled into them to die. In a ftmore of the llmeitoiM near 
Caatletonr Derbyshire, from a space measuring only 25 by 18 feet, no fewer than 6800 
bones, teeth, or fragments of bone were obtained, chiefly bison and reindeer, with bears, 
wolres, foxes and hares.' The length of time during which hohic of the flasures in a limo' 
stoulllflistrict may remain u)>en as a trap for the entombment of the land animab of the 
oonntry is well il'jostrated by the instance at Ighthani, Kent, w}>ere among abundant 
remainfl of the living fauna of the neigh bourhtHxl there are found also thoM« of a number 
which have long been absent from Hriuin. such as ttie wolf. War, and hya*iia, together 
with northern types like the Anaic fox and reimieer, and the long extinct mammoth.* 

> Frajaoo. — It was in the valley of the Somme, near AbWville, tltst Houcherde I'erthei 
made the first observatioiis which led the way to the nvognition of the high antiquity of 
man upon the earth. That valley has been eroded out ol the Chalk, wliich risua to a 
height of from 200 to 300 feet above tlte modern river. Along its sides, far above the 
present alluvial plain, are ancient terraces c»f gravel and loam, foriner) at a time when 
the river flowtHl at higher levels. The lower tcriacc of gravel, with a covering of 
flood-loam, ranges from 2U to 40 feet in thickness, while the higlier l»ed b about 30 
feet Since their foiination, the Somme has crotled its <haniiel ilowu to its jmseiit 
bottom, and may have also diminislied in volume, while the iciiaces have, during the 
interval, here and there suffered from denudation. Klitit implcmeiitH have been 
ohttiiicd from both tenacet., and in great iiumlK-rs. SKsociated with bones ot mainiiioth, 
rhinoceros, and other extinct inanunab (p. 133<>). More rct'eiitly a remarkahle aaaocia- 
tion ol worked flints, witii the remains of Tilephas vieridivuaH^, E. aiUiquM*^ and A*. 
primitfemus, have been (ouiid in a ballust-]nt in giavelly drift at Tilloux, near (iensac- 
la-Pallue, Charent*.* 

The caverns of the Dordogne and other region.s of the south of Fiance have yielded 
abundant and varied evidence of the coexistence ot man with the reindeer and other 
animab either wholly extinct or no longer imiigenuus. So numerous in )>articulHr are 
the reindeer remains, and so iiiiiniate the Association of traces of man with them, that 
the term “ K«‘indc‘er j»erio<l ” has been projMisi'd for the Ke< tion of ]>rchisturic time to 
which these in tcro.stiiig relics Wlong. The art displajed in the implements found in 
the caverns afipears to indicate a cunsiderablu advance on that of the chipptsl flints of the 
Somme. Some of the pictures of reindeer and manimoths, ineisod on hones of these 
animab, and the frescoes already mentioned, are singularly hpiriled (Fig. 497). 

Qarmany. -- From various eavrins, paiiieulaily in the tlolomite of Franconia 
(Muggendorf, (iailenreuth) and in the Devonian limestune of Westphalia and Rhine- 
land, remains of extinct mammals have been obtained, sometimes in gieat miinbcrs, 
including cave-bear (of which the remains of ROO individuslH have hern taken out of the 
Oailenreuth cave), liyvna, lion, rhinoceros, and othei's. FnHii th< raverii r>f llohlcfeb 
in Swabia remains of elephants, rhimx'cruses, reiiidner, antelojM-s, )iors<*K, cave-hp.*irs, and 
other.auimab have been found, togrther with interesting proofs of the coiit«in]K>raneity 
of man, in the form of rude flint implements, axes of bone, or teeth and bones which he 
had bored through, or split o]ien for their marrow. At Schuiiscnried in the Hwabbn 
Saulgau, not far from the Lake of Constance, beneath a dc)M>sit of calcareous tufa 
eucloaiug land-shells, there is a peaty bc<i containing Aa’tic and Alpine mosses, together 


' Boyd Dawkins, ‘Early Man in Britain,” p. 1R8. The reindeer has not been found 
In such abundance in the English caverns as in ttusie of Boulhern France ; hut its bones 
have been met with in some uuniWr in the old alluvinin of the Thames valley. ^ J, O. 8, 
I (1890), p. 461. 

* W. J. UwU Abbott and E. T. Newton, 9 . J. S. 1. (1894), pp. 171-210 and Iv. 
(1899), p. 419. 

* 11. Boole, V AiUkropobgie^ vl (1895), p. 497. A voluminous memoir by M. Rutot, on 
the aga of deposits^taith workt# flints, in the province of Hainaut, Belgium, will be found 
(. sw SL^ ^fUkropologi^ Bnaaseb, xvii. (1899). 
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witfk abundant remains uf reindeen also buues of tie glutton, Arctic fox, brown fox, 
polar bear, horse, &c. While this truly Arctic assemblage of animals lived near the 
foot of the Al|is, man also was their conten)})orsry, as is shown by the presence, in the 
same deposit, of his flint implements, stones that have been blackened by fire, bones of 
the reindeer and horse that have been broken open for their marrow, needles o^ood 
and bone, and balls of red pigment probably used for painting his bq^y.' 

8witierland.—The lakes of Switzerland, as well as those of most other couiitries in 
EurojK), have yielded in considerable numbers the relics of Neolithic man. Dwellings 
constructed of piles (“crannoges ’* uf Irelaml) were built in the water out of arrow-shot 
from the shore. Partly from destruction by fire, [partly from successive reconstructions, 
the bottom of the water at these places is strewn with a thick accumulation of debris, 
from which vast iiuinheis of relics of the old population have been recovered, revealing 
much of their mode of life.'' Some of these settlements probably date far back beyond 
the beginning of the historic period. Others belong to the Bronze, and to the Iron Age. 
The same site would uo doubt be used for many generations, so that successive layers of 
relies of jirogressivcly later uge would be deposited on the lake- bottom. It is believed 
that in some cases the laeustiine dwellings were still used in th^ first century of our era. 

Denmark. — The shell-mounds from to 10 feet high, and some- 

times 1000 feet long, heafied up on various paits of the Danish coast-line, mark settle- 
ments of the Neolithic age. They are made up of refuse, chiefly shells of mussels, 
cockles, oysters, and isTiwinkles, mingled with bones of the herring, cod, eel, floundei, 
great uuk, wild duck, goose, wild suan, cajHireailzie, stag, roe, wild boar, urus, lynx, 
wolf, wild eat, bear, seal, porpoise, <log, &c., with human tools of stone, bone, horn, or 
wood, fragments of rude pottery, charcoal, and cinders. •* 

The Dauish }»eat inos.seH have likewise furnished ridics of the early human races in 
that region. They are from 20 to 30 feet thick, the lower portion containing remains 
of Scotch fir {Pinm st/ltrstris) and Neolithic iinplemenl.s. This tree has never been 
indigenous in the country within the historic {H'riod.^ A higher layer of the |>cat 
contains remains of the common oak with bronze implements, wliile at the top come 
the beech-trce and weapons of iron * 

Finland. ---In Finland a study of the jieat-mos-ses, which cover about a fifth part 
of the surface uf the eomitry, has furnished a coriesjtoinling record of the changes of 

^ O. Fraas, .DrA*r/Ur AnthrojwltMjie, Brunswick, 18t)7. 

* Keller’s * Lake Dwellings of Hwitzerland.' 

•' J. J. Steenstrup, ‘Kjokkeu Moddinger,’ Copenhagen, 1883. Similar mounds of fiah- 
offul au«l whelk and other shells, mingled with broken pottery and other refuse, may be seen 
in course of accumulation at many fl'thnig villages on the east coast of Scotland, where also 
prehistoric kitchen-middens have been found. 

* An interesting discussion of the subject of the migration of the .spruce-fir into Scandin- 

avia by G. Andersson and R. Sernauder will be found in the 14th vol. of <JeoL Farm, Stock- 
holm (1892), and in Kiigler's fittfan. Jahrb. xv. (1892). The history of the Scandinavian 
flora, ami its bearing on cliauges of climate, Itave engaged much attention among the geologists 
of Sweden, Norway, and Finland, e,g. Nathorst, Urol. Fbrcn. StvckJo>hH, vii. G. Anderesou, 
ziv. pp. 609-538 (an important resume of the .subject) ; '‘Stndier of\er Finlands Torfmossar,” 
Bull, Covi, Uhl. FinUimU, No. 8, 1898 (a detailed account of plants found in the Finnish 
peat -bogs, and a i>artial discussion of the geological history indicated by them). H. 
HedHtrui||, (itol. Farm. Stockholm, xv. (1893), p. 291 (on tht foniier and present distributioii 
of the hazel). R. Seniander, p. 345 (on the climate and vegetation of the /.tttorina-period). 
J. Helmboe, xxiL (1900), p. 55 (a detailed account of sections of two peat-bogs in Um 
C hristiania district, with an enumeration of the plants in the several layers). O. Lagerheim, 
xxiii! (1901), p. 469 (a discussion of the rhiaopods, Ac., in Swedish and Finnish lacustrim 
deposits, including peat). J. J. Sederholm, Bull, Com. No. 10, p. 23. 

* See Steeustrup’s “ Kjokkei^ Moddinger ” ; Natborst, NaturCy 1889, p. 463. 
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oUmate as registeml by the rentaitis of the vegetation. At the bottom of tiie }w«t the 
Arctic willow, dwarf birch, aud other plants betoken Ute continuance of a severe climate. 
Higher up come the relics of pine-trees. These in the southern dutrict> were followed 
duemfi; tljp Ai«on«a-|K5riod by the oak. joined soon after by the spruce. That period, 
if Mi^may judge from the evidence of the ]»eAt- mosses, was rather wannot than the 
present inasmuch'iis plants are found in these dc|M>sits winch now live in more genini 
countriLi. In Nor^yay a i*ecord of sonic of these changes in the flora has been preserved 
ill dc|K>bit8 of calc -si liter.* 

North America. -Prchistoiic dt}io.sits arc essentially the ■onne on Imth sides of the 
Atlantic. In North Amcric.a, as in Kuio|k?, no very definite lines can Ik* drawn within 
which they .slnmld Ik* tontine«l. They cannot be ahatply sejtarated fioin the Champlain 
series on the one baud, nor from luudern accunmlations on the other. Hesidus the 
marshes, ]>eat-bogs, and other oi game <lc|»osits which Is'lnng t<» an caily pi'riod tn the 
human CK‘cu|iation of America, some of the younger alluvia of tin* nver-valleyH and 
lakes can n«i doubt claim a high anthpiity, though they have not supplied the same 
copious evidence of early man whuh gives so much interest to the corres|iouding 
Kuro|H*nn formations. From the |>eal-boga of the eastern States, and from the older 
.'ilhivium of the Misxoun llivci, the rcniaiiiHof the gigantic mai*indon have l»'i u obtained. 
There have likewise Ik-cu lomid bones of reimieci, elk, luson. In aver, licn.se (six sitecies), 
lion, and hear ; while sonthuanhs those of extinct sloths {Myhtdon, Afrijnth^ium) make 
their ap]H*arance. In Califoinia, fiuin the deep amifenms giavels remains of mastodon 
and other extinct anmnlH hu\e been met with, also ljuiimu hones, stone s|»cai -heads, 
mortars, and other implements, Professor Whitney dchcribed the famous Calaveras skull 
as occurring at a depth of 120 feet in umlist«rlH:*d giavel which is covered with a sheet 
of basalt. If genuine, the K{M*cimeii, with the hnimin woiks of ait said to urciir in the 
same deposits, would indicate the existence of man, [icrhapH as advanced in some 
re8|iects R.> the modern Indian tiilx's of the same legion, in Pliocene or Miocene time. 
The validity of these remaims, however, has been strongly conlesteil, and on the whole the 
balance of evidence .seems to he agiiiust them. Human skeletons ami stone implementi 
have been exhumed from the Imas and other <piat<*rnary deposits in a mimbci of jilacea 
in the United State.*!, and the inference has been drawn from Ihetii by some ohservera 
that man existed in North America during the later stages of the lee Age, Other 
writers, however, have di.spute<l thi** comlusiun, contending tlial the siip|K)Hcd incluaiou 
of the remains in the loess is deceptive, that they really belong to a much later time, 
and that in other cases the implements, thought to have lieen evidence o( early man, 
were the work of modern Indians. *■ 

• Axel Blytt, EngUis. Jahrh. x\i ilMl'J), n. Ikiblatt No. 36. 

J. D. Whitney, .Vcj/i. Ojmpdr. Hdnord,y\. (1M80). The cvideini* inlduced 
in support of the great antii|uity of man in America, and his coutemporain ily with the 
Mastodon and other extmet animals, is Mimmatised by the Manpun de NiulailUc in hia 
‘L’Am^rique Prehistonque’ (translated by N. d’Anvers, 188.0). The controversy ovt-r the 
Calaveras skull u summed up by W. H. Hohms, Smithsomnn Jtfjn/rt for 1K9P, pp, 419* 
472, with 16 plates. More recent and {srliaps less doubtful proof of )>alte(ditbic man has 
been cited from the gravels of the Delaware Hiver at Trenton, of tbe Miami River In 
Southern Ohio, and of tbe Mississippi at Little Falla, Mimiesr>ta. On tbe aide of the 
antiquity of man, aee H. C. Lewis, Proc. Aim, UaJ. Sect. Aaid. PhxlmMjihuu 1879 ; F. W. 
Putnam, C. C. Abbott, (L F. Wright, W'. Uphaiu, Ac., on f'ateohtliic man in ea^m and 
central North America, Proc. BoUon S(k. y<U, Hint, xxiii. (1888), p. 421 ; O. F. Wright, 
*Ice Age in North America,’ ami ‘ Man in the Glacial Periwl' (1892), also PopiJar Ecietue 
MoMhly^ May 1893. and recent papers by W. Upharo. Avm. Oeol. 1902, 1903. 'Ok^tbe 
other iride, consult especially the fsipers of W. il. Holmes and T. C. Cliainberlin. Tbe 
latest example of disj^uteil evidence is that of the human skeleton said to have been exhumed 
from undisturbed loess t\ Lansing, Kansas. This example fully described by Mr. Upbain 
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Heaps of shells of edible speeiei, like those of DenmaVk, occur on the coasts of Kova 
Sootia, Maine, kc. The large mounds of artificial origin in the Mississippi valley have 
excited much attention. The early archaeology of these regions is full of interest 

In South America, the loams of the Pampas have furnished abundant remaiim of 
horses, tapirs, lamas, mastodons, wolves, {^anthers, with gigantic extinct slothl^nd 
armadillos {ile-f/atluriuyn, Olyptod&nV 

Australasia.— No line can be drawn in this region between accumvilations*'of the 
present time and those which have been railed Pleistocene. The modern alluvia have 
been formed under similar conditions to those under which the older alluvia were laid 
dowu, though possibly with some differences of climate. In New South Wales, ossiferous 
caverns contain bones of some of the extinct marsupial auinials mentioned on p. 1299 
mingled with those of some of the sjiecies which are still living in the same places. 
In one locality in the same colony, in sinking a well, teeth of crocodiles were found with 
bones of Dijtrotoilon, kc. No human remains have yet been found associated with 
those of the extinct animals ; but a stone hatchet Was taken out of alluvium at a depth 
of 14 feet.’-* 

In New Zealand, the most interesting feature in the younger geological accumula- 
tions is the presence of the bones of the largo bird IMwtrnis, which has become extinct 
since the Maoris peopled the islands. The evidences of the human occupation of the 
country are confined to the surface-soil, shelter-caves, and sand-dunes.^ 

and Prof. Wiuchell, is regarded by them as proof of the coiitcmporaueity of man with the 
later phases of the Ice Age in the Missouri Valley iieol. xxx. 1902, pp. 135, 189; 

xxxl. 1908, p. 26). On the other hand, a careful scrutiny of Ihe locality by Professors 
Holmes, Chamberlin, Calvin, and Salisbury has led them to consider the overlying deposit as 
not loess, but a much younger and post-glacial alluvium {Jimrn. Oeol. x., 1902, p. 745). 
It would apiiear, moreover, that the age of such deposits cannot be determined from the 
character of the human handiwork found in them, since Mr. Holmes has shown that iiuplementb 
of Pabeozoic type continued to bo made by the aboriginal inhabitants of Indian Territory, 
and the very qu’u'ry from which they obtained their material has been found, together with 
specimens of their various implements, in lUiferent stages of pntparation. “An Ancient 
Quarry in Indian Territory,” by W.’H. Holmes, Hep. linmm, Kthnologi^, Washington, 1894. 

See Florentiuo Ameghiuo, ‘ l^a Antiquedad del Hombre eii el Plata,’ where a goo«l 
account of the Pampas country will lie found. 

* C, 8. Wilkiuson, ‘Notes on (Jeology of New South Wnle.s,’ 1882, p. .59. 

* Hector, ‘ Handbook of New Zealand,’ p. 25. 
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PHYSIOGRAPHICAI. ilKOWiW. 

An investigation of the geological history of a country involves two 
distinct lines of inquiry. We may first consider the nature and arrange- 
ment of the rocks that underlie the surface, with a view to ascertain 
from them the successive changes in physical geography and in plant and 
animal life which they chronicle. But he-sidcs the story of the rocks, we 
may try to trace that of the surface itself — the origin and vicissitudes of 
the mountains and plains, valleys and ravines, peaks, passes, and lake- 
basins which have been formcil out of the rocks. The two ini)uiries 
traced backward merge into e.iich other ; but they become more and more 
distinct as they are pursued tow'ards later times. It is obvious, for 
instance, that a mass of marine litne.stone which rises into groups of hills, 
trenched by river-gorges and traversed by valleys, present* tw'o Bhar|)Iy 
contrasted pictures to the mind. J.iooked at from the side of its origin, 
the rock brings before us a 8ea-lx)ttom over which the relics of generations 
of a luxuriant marine calcareous fauna accumulaUnJ. Wo may he able to 
trace every bed, to mark with pret i.-jion its organic contents, and to 
establish the zoological succession of which these KU|)erim{K)sed soa* 
bottoms are the reconis. But we may l>o quite unable to explain how 
such sea-formed limestone came to stand as it now does, here towering 
into hills and there sinking into valleys. The rocks and their contents 
form one subject of study ; the history of their present scenery forms 
another. 

The branch of geological inquiry which deals with the evolution of 
the existing contours of the diy land is termed Physiographical Geology. 
To be able to pursue it profitably, some acquaintance with all the other 
branches of the science is requisite. Hence its consideration ^ been 
reserved for this final division of the present work ; but only a rapid 
summary can be attempted here.^ 

^ A copious bibliography o( this subject might sow be piepered, in which the succeselve 
cootribations of tbsvsriotu ge^ogicsl schools, from th(Me of the early ItalUo writers down 
to those of Hutton and PlayAdr, would be enumarated.^ After the revive of intorest in 
this braooh of inquiry in the Utter half of last century, the earlier writings mSInly dealt 
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At the outset one or two fundament:il facts may be s^ted. It is 
evident that the materials of the greater part of the dry land have been 
laid down upon the floor of the sea. That they now not only rise above 
the sea-level, b\it sweep upwards into the crests of lofty mountairis,<an 
only be explained by displacement. Thus the land owcj its existence 
mainly to upheaval of the terrestrial crust, though it may have been to 
some extent increased and diminished by other causes (antfiy p. 377 cf seq.). 
The same sedimentary materials which demonstrate the fact of displacement, 
afford an indication of its nature and amount. Having been laid down 
in wide sheets on the sea-bottom, they must have })een originally, on the 
whole, level or at least only gently inclined. Any serious depjirturc 
from this original position must therefore be the ettect of di.splacement, 
80 that stratification forms a kind of datum-line from which such effects 
may bo measured. 

Furthei*, it is not le.ss apparent that sedimentary rocks, besides having 
Htiffered from disturbance, of the crust, have uridergone extensive denuda- 
tion. Even in tracts where they remain liori/.ontal, they have l)een 
carved into wide valleys. Their detached outliers stand out upon the 
plains as memorials of what has been remov(!d. W'here, on the other 
hand, they have been thrown into inclined positions, the truncation of 
their stratii at the surface points to the same universal degradation. 
Here, again, the lines of stratification may be used, as on denuded anti- 
clines, to measure approximately the amount of rock which has been M’orn 
away. 

VVndie, therefore, it is true that, taken as a whole, the dry land of 
the globe owes its existence to upheaval, it is r>ot less true that its 
present contours arc due largely to erosiorr Thesij two antagonistic 
forms of geological energy have l)een at work from the earliest times, and 
the existing land wdth all its varied scenery is the result of their combined 
opemtion. Each has had its own characteristic task. Upheaval has, a.s 
it wore, raised tlie rough block of marble, but eiosion has carved that 
block into the graceful statue. 

The very rocks of w'hich the land is built up bear witness to this 

with priuoipW** as ilispUiyeii iu couerwte exauiplw, hut are none tlie less important for 
their local origin, and they paved the way for more general treatises. The following list 
comprises only a few of the works that might be lited: A. Ramsay, ‘The Physical 
(leology an<l (leography of Great Britain,' 1863 ; sixth edit, edited by li. H. Woodwanl 
1894. A. (}., ‘The Scenery of Scotland viewed iu connection with its Physical Geology,’ 
1865 ; fourth edit. 1901 ; a sketch of the phy.siography of the Baitish Isles, yuiure, xxix. 
{1884), pp. 3‘25, 347, 396, 419, 442. E. Hull, 'The Physical Geology and Geography 
of Ireland,’ 1878; second e«Ut. 1891. J. Lubliock (I/ird Avebury), ‘'Phe Scenery of 
Switzerland,' 1896 ; ‘The Scenery of England,' 1902. G. de la Noe and E. de Margerie, 
* Les Fori, w du Terrain,’ Paris, 1888. A. Penck, ' Mori>hologie der ErdoberHache,' 2 vola. 
Stuttgart, 1894. E. Siiesa, 'Antlitz der Erde ’ and its Frencli translation, *La Face de la 
Terre.’ T. Mellard Reade, ‘ Origin of Mountain Ranges.’ W. M. Davis, ‘ Physical Geography,’ 
Boston, U.S.A. 1898. J. Geikie, 'Earth Sculpture.’ J. E. Marr, ‘’The Scientific Study 
of Scenery,’ 1900. Numerous papers discussing parts or the whole of the subject will b< 
found in the acieutific journals of the last thirty years, to some of which reference wil 
be made, in later pages. 
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intimate co-oi)eration of liyjjogeiie and epigone Hgoncy. The youngef 
stratified formations have been to a large extent deriveii from the waste 
of the ohier, the same mineral ingredients being used over and over 
a^n* This could not have hap{>ened Imt for r»*peated uplifts, whereby 
the setiimenUiry accumulations id the sea fhM)r were brought within reaeh 
of tlfe denuding' agents. Moreover, the internal characters of the great 
majority of tltese formations |K)int unmistakably to ilej)osition in com 
|)Jiratively shallow water. Their abundant interealatiotts of fine, and 
coarse materials, their c(»nsUint variety of niiiu^ral composition, their sun 
cracks, ripple -marks, rain pittings, and worm track. s, their nunjerous 
unconformabiIiti*‘s and traecs of tcrrestiial surfaces, together with the 
])revalent facies of their organic eontents, eomhiiie to demonstrate that 
the main mass of the Kodiimuitiirv rocks of the earth’s crust Wiis areumu- 
lated not far from land, and that no trace «d really abysmal dejXJsitB, 
comparable to those of the deep ocean Iw.sin.s of the j)resent day, has yet 
Iwen found among them. From these considerations Nve are le<l up to the 
conclusion that the ]»n‘sent continental areas must have ]>cen U^rrestrial 
regions of.tlie earth’s surface from a remote geological perioil. Subject 
to repeated oscillations, so that one tract after another has disa])pe.ared 
and reappeanHl fi(»m beneath the sea, the eontinents, though constantly 
varying in sliajx^ and size, have yet, I believe, mainUine<l their 
individuality. We may infei, likewise, that the existing ocean basins 
have probably alwiiys been tin? great «lepressioris of the earth’s surface.* 
As already stated (p. tV.M), it is the general lM»lief among geologists 
that mainly to the etl'ects of the secular contraction of our planet are the 
deformations and dislocations of the terrestrial crust to In* as<>ril)ed. The 
Cool outer shell is suppo.sed to ha\e .‘'Uiik <lowii upon the more rapidly 
contracting hot rnn leus, tin* <‘iiormous lat<*ral compression thereby pro- 
duced having the effect of throwing the crust into undulations, and even 
into the mo.st <*omplicated corrugations." lienee, in the places where the 

* S«-*' .1. I), ll.iji.i, Annr. Jmini, S<t. i'Jt) n. (1M46) j* Ui ‘ WjIKoh, 

Exi'loriTiff Kxpctiition,’ At/m. fi'inn.Si. (2) XXII. ns,^i)) ; ‘ Mniiunl of {jcniofjry,’ 

1863, ftiiil MutiM-ijin lit nlitinn*. Il.'irwm ‘Oii;.m» of Isl (mIiI. ji. 3|3. L. AjjohhI/, 

Dull, Afiii, f'oiiii), /iiol. 1''69. vol. 1 N" 13. .1. I> VVliitin*y. Man. Muh ('omp. Zool, 

Harrarti, \n. No. ‘2, p, *210. Sec aKo /',<•< A'</y. f>(A>tjr<iph, Su . new n-r. i. (1H79), p. 

422. Tilt* pontrary vi*'W tliat laml ami n a have rontumany « haiini'<l plB('(N over the 
ftiirface of the plolH! w.is ln-hl liy Ly**!!, ami in r‘tiU maiiitainnl hy kohw ficohi^jists. For a 
Rtatcmeiit of j;«;olo>.m al eviilenre m f.tv«»iir <»f Uh- iiit^rchaiifre of tvrrewtrial ami iiiarine an^aa 
the stmlfiit may eoiiHiilt tlie nH’oioirs of tlic laU* l’rof«*s*ior Ncumayr, « iIhI on ji, 1120. 
The opinion that laml wa.s once conneiU'il a< ros<i what an* now wnle ami fleep s<-as haa 
Isjen haaeU hy natnrail.^ts «in the »lLfficulfy of fitherwine arconnting for tin* alliniliea Iwtween 
the fannaa of iliiitant conntrie<i Himh as that of South Anmnra with Analralia ami that of 
Madagascar with CVylon. It in <i'nlc credible, however, that in Arctic ami possibly also in 
Antarctic rej^ion** lliere may have been more continnouK laml than at tcliaitiM of 

islands and shallow seas), acniss which in jienmlB of mild jiolar rlinmU- tln rc nii^ht b« a 
migration of plants ami animals without having recourse to the siippoHition that the great 
ocean-basins wen* once crossed by ma-sM's of land. • 

* The Rev. r^FUher. in his * Physics of the Earth's Crust.' maintains that the secular 
contraction of a solid glolj^ thmugb mere cooling will not acconnt for the oliserved 
phenomena. See niUf, p. 66. 
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crust bas yielded to the pressure, it must have been thickened, being 
folded or pushed over itself, or being perhaps thTo?m into double bulges, 
one portion of which rises into the air while the corresponding portion 
descends into the interior, as suggested by Mr. Fisher, who believed tb»t 
such a downward bulging of the lighter materials of t^e crust into 
a heavier substratum underneath the great mountain-uplifts of the su>face 
is indicated by the observed diminution in the normal rlate of augmen- 
tation of earth -temperature beneath mountains,^ and by the lessened 
deflection of the plumb-line in the same regions. 

The close connection between upheaval and denudation on the one 
hand and depression and deposition on the other has often been remarked, 
and striking examples of it have been gathered from all parts of the 
world. It is a familiar fact that along the central and highest parts 
of a mountain chain, the oldest strata have been laid bare after the re- 
moval of an enormous thickness of later deposits. The same region still 
remains high ground, even after prolonged denudation. Again, in areas 
where thick accumulations of alimentary material have taken place, 
there has always been contemporaneous subsidence which, as the strata 
have generally been deposits of shallow water, was necessary for their 
continued deposition. ^ close and constant is this relationship, as to 
have suggested the doctrine of ** isostasy,” that is, the belief that denuda- 
tion by unloading the crust allows it to rise, while deposition by loading 
it causes it to sink (anUt p. 396). 

It is evident that in the results of terrestrial contraction on the 
surface of the whole planet, subsidence must always have been in excess 
of upheaN’al — that in fact upheaval has only occurred locally over areas 
where poi'tions of the crust have been ridged up by the enormous 
tangential thrust of adjacent subsiding regions. The tracts which have 
thus been, as it were, squeezed out under the strain of contraction have 
been weaker parts of the crust, and have usually been made use of again 
and again during geological time. They form the terrestrial regions of 
the earth's surface. Thus, the continents as we now find them are the 
result of many successive uplifts, corresponding probably to concomitant 
depressions of the ocean b^. In the long process of contraction, the 
earth has not contracted uniformly and equaQy. There have been, no 
doubt, vast periods during which no appreciable or only excessively 
gradual movements took place ; but there have probably also been 
intervals when the accumulated strain on the crust found relief in more 
or less rapid collapse. 

The general result of such terrestrial disturbances has been to throw 
the crust of the earth into wave-like undulations. In some cases, a wide 
area has been upheaved as a broad low arch, with little disturbance of 
the origih^l level stratification of its component rocks. More usually, 
the undulations have been impressed as more sensible deformations of 
the cru'^t, varying in magnitude from the gentlest appreciable roll up to 
mountainous crests of complicated plication, inversion, and fracture. 

* The rate obtarred in tiie Mont Oenis and Mont St. Goiluud tttnndii was about 1* Fahr. 
for every feet, or only about ba I the uaual rate. 
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Aft ft rule, the undulfttions hftve been linear, but their direction hftft 
varied from time to time, having been determined at right angles, or 
approximately so, to the trend of the lateral pressure that produced 
• The upward folds of the crust have given birth to continents, 
while the dow nward folds have fomted the ocean basins. These folds, how- 
ever^ are usually not simple arches and troughs, hut include sulisidiary 
folds within these. Thus the Atlantic trough is marked by a central 
ridge, the highest portions of which apjioar above sea-level in groups of 
islands, while the American arch has Imhui plicated along its western 
.border into the great chain of the Rocky MounUiins and Andes, and 
near its eastern margin by less continuous and lofty ranges, and bears a 
vast geosyncline in the centre. As the crust has thickened, in con- 
sequence of the structure imparted to it by successive subsidencea, 
certain portions of it have acquired more or less immobility, and have 
served as buttresses against which surrounding areas have been pressed 
and dislocated by subsequent moveroente. Suess has )K)int«d out various 
areas of the earth’s surface, named by him “ Horsts,” which seem to have 
served this pur|>08C in the general rupture and subsidence of the terres- 
trial crust. 

Considered with reference to their mode of production, the leading 
contours of a land-surface may be groupetl as follows : — 1. Those which 
are due more or less directly to disturlwince of the crust. 2. Those 
which have been formed by volcanic action. 3. Those which are the 
result of denudation. 

1. Terrestrial Features <iue more or less directly to Dis- 
turbance of the Crust. —In some regions, large artwis of stratified 
rocks have been raised up with so little trace of curvature, that they 
seem to the eye to extend in horizontal sheets as wide plains or table- 
lands. If, however, these areas win bo followed sufficiently far, the fiat 
strata arc eventually found to sweep iipwanl into abrupt plications, as ifi 
the Rocky Mountains, or to curve down slowly or rapidly, or to be 
truncated by dislocations. In an elevated region of this kind, the general 
level of the ground corresponds, on the whole, with the planes of stratifi- 
cation of the rocks. Vast regions of Western America, where Cretaceouft 
and later strata extend in nesirly horizontal sheets for thousands of 
square miles at heights of 4000 feet or more above the sea, may be taken 
as illustrations of this structure. So abrupt is the upturn of the younger 
rocks of the ejistern plains against the older masses of th(*. Rocky Moun- 
tains that it is hardly an exaggeration to say that one may sit on the 
horizontal and lean his back against the vertical l)cds. 

As a rule, curvature is more or less distinctly traceable in every 
region of uplifted rocks. Variotw types of flexure may be noticed, of 
which the following are some of the more important : — ^ 

(а) Monodirud Flexures (p. 674). — These occur most marke<ffy in broad 
platMu-regions and on the flanks of large broad uplifts, as in the table- 
lands of Utah, Wyoming, &c. They are frequentl^r replaced by* faults, 
oi which incN^ they may be regarded as an incipient stage (p. 691). 

(б) Symmetric Flexures^ where the st^ta are inclined on the two 
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sides of the axis at the same or nearly the same angle. They may he 
low gentle undulations, or may increase in steepness till they become 
short sharp curves. Admirable illustrations of different degrees of inclina- 
tion may be seen in the ranges of the Jura ^ (Fig. 500) and the Apflfla- 
chians (Fig. 253), where the influence of this structure oPthe rocks on 
external scenery may be instructively studied. In many instancesf each 
anticline forms a long ridge, and each syncline runs as'a corresponding 
and parallel valley. It will usually be observed, however, that the 
surface of the ground does not strictly conform, for more than a short 
distance, to the sm-face of any one bed ; but that, on the contrary, it 
passes across the edges of successive beds, as in Fig. 500. This relation 
— so striking a proof of the extent to which the surface of the land 
has suffered from denudation — may be followed through successive phases 
until the original superficial contours are exactly reversed, the ridges 
running along the lines of syncline and the valleys along the lines of 
anticline (Figs. 251, 252). Among the older rocks of the earth’s crust 
which have been exposed alike to curvature and prolonged denudation, 
this reversal may be considered to be the rule rather than the exception. 


8.B. N.w. 

OCMSINOIM. BaLLHTHAI.. Mi'NHTI'R. KamM 



Fig. r.()0.— Hyninwtrir.il Flrxurrs of Swisi ,Inr:i 
(ttie rlUgrs coinrlUiii}; with autlchii»'.'< uint Hip vnlli'vs with sjui-Iimph). 


The tension of curvature may occasionally have produced an actual 
rupture of the crest of an .anticline along which the denuding agents 
would effectively work. 

The Uinh U/pe is a variety of this structure seen to great perfection 
in the Uinta Mountains of Wyoming and Utah. It consists of a broad 
flattened tlexuro from which the strata descend steeply or vertic;illy into 
the low grounds, where they fpiickly resume their horizontal ity. In 
the Uinta Mountains, the flat arch has a length of upwards of 150 and a 
breadth of about 50 miles, and exposes a vast deeply trenched plateau 
with an average height of 10,000 to 11,000 feet above the sea, and 
5000 to 5000 feet alH)vo the plains on cither side. This elevated region 
consists of nearly level ancient Palaeozoic rocks, which plunge below 
the 5>econdary and Tertiary deposits that have been tilted by the 
uplift (Fig. 501). Powell believed that a depth of not less than three 
and a half miles of strata has been removed by denudation from the top 
of the arch.- In some places, the line of maximum flexure at the side of 

* On tVv- Jam nee C. Clfrc. *Le .Turn,' Paris, 1888; G. Boyer, * Remarquea »ur 
rOrographie lies Monts Jura,’ Bosancoii, 1S88 ; nml tbe older lyork of Thurmann, ‘Esquisse^ 
Orograp'.iiqucs de la Cliaine du Jura,’ 1852. 

* ‘Gwlogy of Uinta Mountains,’ p. 201. There is in thi.s work a suggestive discussior 

of types of mountain structure. See also Clarence King'i Report on Geology of 40tl 
I'arailel.* vol. i. i 
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the uplift has given wa}*, and the resulting fault has at one point a ver 
tical displacement estimated by him at 20,000 feet. 

Another variety of more complex stnictiirc may l>e termed the Park 
ffom its singularly' clear tievelopment in the Park region of 



Ki;;. .’>01. - OiiiU ty|>«* «f Kl*>xun‘. 
ei, I’ulH-o/oic rockK : fi, . >, T«‘rtiuiy , /, faiiU 


Colorado. In this type, an axis of ancient crvsUlline rocks granites, 
gneisses, <fcc. — has been as it were pushed tlirough the flexure, or the 
younger strata have been bent sharjdy over it, so that after vast denuda 
tion their truncated end.s sUnd up vertically along the flanks of the 
uplifted nucleus of older rocks (Fig. 002 ). 

There may be only one dominant flexure, as in the case of the Uinta 
Mountains, the long axial line of which is truncated at the ends hy lines 



FIk. I'ark Typ* of Kli-xur>‘ 

< 1 , ('ryaUiUmc io>*ki» . >>, M<*'«>/<>i(’ mm k.s. 


of flexure nearly at right angles to it. .More UMially, numerous folds 
run approximately parallel to each other, as in the Jnra and Appalachian 
chains. Not infrequently, some of them fli«‘ out or coalesce Their 
axes are seldom perfectly straight lines, but arc fivquently umlulating 
or curved. 

(c) UnsifwmHrual Flexures, where one side of the fold is much steeper 
than the other, but where the two sides are still inclined in oj)i)Osito 
directions, occur in tracts of considerahle disturbance. 'I’lie steep sides 


Ciurx iir Nk*u I.AkF, 

OoxHiKf, St Ci x« i.» Nm^husk 



Fi};. 'j 03. -S**cti'in armun I’ait of .Uini .MoniiUiiiiK. 

(AfU^r I’. Chfiffat, iK^nn. A. ‘ OflHrRHb.' pi. xili.) 


look away from the area of maximum iiiovcmerit, and are mor^harqily 
inclined as they approach it, until the flexures Ijccome invertcfi. Instruc- 
tive examples of this structure arc presented by the Jura Mountain%and 
the Appalachian chain. In these tracts, it is ol»servable |hat in proportion 
as the flexure^ increase jn angle of inclination, they become narrower 
and closer together,; while, on the other iton 
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symmetrical forme, they become broader, flatter, and ¥dder apart, till 
they disappear (Figs. 263, 603). 

(d) Reversed Flexures, where the strata have been folded over in such 
a way that on both sides of the axis of curvature they dip in tiie 4ghme 
direction, occur chiefly in districts of the most intense' plication, such 
as a great mountain chain like the Alps. The inclination, as before, is 
for the most part towards the region of maximum disturbance, and the 
flexures are often so rapid that after denudation of the tops of the arches 
the strata are isoclinal, or appear to be dipping all in the same direction 
(p, 678). A gradation can be traced through the three last-named kinds 
of flexure. The inverted or reversed type is found where the srumpUng 
of the crust has been greatest. Away from the area of maximum dis- 
turbance, the folds pass into the unsymmetrical type, then with gradually 
lessening slopes into the symmetrical, Anally widening out and flattening 
into the plains. If we bisect the flexures in a section of such a plicated 
region we find that the lines of bisection or “axis-planes” are vertical 
in the symmetrical folds, and gradually incline towards the more plicated 
ground at lessening angles.^ 

Fractures not infrerpiently occur along the axis of unsymmetrical and 
inverted flexures, the strata having snapped under the great tension, and 
one side (in the case of inverted flexures, usually the upper side) having 
been pushed over the other, sometimes with a vertical displacement of 
several thousand feet, or a horizontal thrust of perhaps many miles (ante, 
pp. 690-694, 794, 892, 970). It is along or jmrallel to the axes of 
plication, and therefore coincident with the general strike, that the great 
faults of a plicated region occur. One of the most remarkable and im- 
portant faults in the low grounds of Europe is that which bounds the 
southern edge of the Belgian coal-field (p. 693). It can be traced across 
Belgium, has been detected in the Boulonnais, and may not improbably 
run beneath the Secondary and Tertiary rocks of the south of England. 
The extraordinary thrust-planes which Rotbpletz has shown to exist ih 
the Alps, and those of the north-west of Scotland, are notable examples 
of gigantic horizontal displacements in mountainous regions, while still 
more prodigious are those of Scandinavia. It is a remarkable fact that 
faults which have a vertical throw of many thousands of feet may produce 
little or no effect upon the surface. The great Belgian fault just referred 
to is crossed by the valleys of the Meuse and other northerly flowing 
streams, yet so indistinctly is it marked in the Meuse valley that no 
one would suspect its existence from any peculiarity in the general form 
of the ground, and even an experienced geologist, until he had learned 
the structure of the district, would scarcely detect any fault at all The 
Scottish thrust-planes are eroded like ordinary junction-planes between 
strata, ynd produce no more effect than these do on the topography (see 
Figs. 344, 369), nor have the still more stupendous displacements of the 
Al^. and Scandinavia been more effective in the determination of the 
leading features of topography. 

In some regions of intense disturbance the^rocks ha4e been plicated 
* H. D. Ro^ien, Tran$. Roy. Soc, Sdin, «i. p. 4S4. 
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ntker than fractured. The folds have been so compressed that their 
opponte limbs often lie parallel to each other at a high inclination, 
though, as in the case of the Alps, closer scrutiny even in such tracts 
location has been so effective may discover proofs also of gigantic 
thrusts. In otuer regions, such as the north-west of Scotland, whore the 
gigantic pressure has encountered the resistance of a horst " or solid 
buttress 6f immovable material, the rocks have been ruptured by 
innumerable thrust-planes and faults, and have been driven over each 
other in a kind of imbricated structure (Fig. 369). 

(e) Alpine Type of Mouniain-^Hrudure } — It is along a great mountain 
chain like the Alps that the most colossal crumplings of the terrestrial 
crust are to be seen. In approaching such a chain, one or more minor 
ridges may be observed running on the whole parallel with it, as ihe^ 
heights of the Jura Hank the north side of the Alps, and the buIk 
H imalayan hills follow the southern base of the Himalayas. On the 
outer side of these ridges, the strata may be flat or gently inclined. At 
first they undulate in broad gentle folds; but traced towanis the 
mountains these folds become sharper and closer, their shorter sides 
fronting the plains, their longer slopes dipping in the opi^site direction. 
This inward dip is often traceable along the flanks of the main chain of 
mountains, younger rocks seeming to underlie others of much older date. 
Along the north front of the Alps, for instance, the red molasse is over- 
lain by Eocene and older formations. The inversions and disruptions 
increase in magnitude till they reach such colossjil dimensions as those of 
the Glarnisch,'^ where pre-Cambrian schists, and Triassic, Jurassic, and 
Cretaceous rocks have been driven for miles over the Eocene and Oligoceno 
flysch (pp. 677, 693). In such vast crumplings and thrusts it may hap(>en 
that portions of older strata are caught in the folds of later formations, 
and some care may be required to discriminate the enclosure from the 
rocks of which it appears to form an integral and original part. Some 
of the recorded examples of fossils of an older zone occurring by 
^themselves in a much younger group of plicated rocks may be thus 
accounted for. 

The inward dip and consequent inversion traceable tf>wardB the centre 
of a mountain chain lead up to the fan-shaped structure (p. 678), where 
the oldest rocks of a series occupy the centre and overlie younger masses, 

* For inforniatlon on the internal structure of the Alpine cliaiu see enpecUlly the maps, 

McUona, an4 aiplauatory memoirs by Renevier, Heim, A. Baltaer, K, Favre, K. .1. Knufmann, 
C. Moeach, H. Schardt, A, Outewiller, E. von Felleiiberg, ami others in the hfilriyjt zur 
ffed. Ka/rit der Schvxix; also Frit* Freeh, “ Die Kamiechen Aljicu,” Ahhand, yatnrf. </«#, 
BaiU, XTiii. (Heft L) 1892 ; Zaccagna on the (Jralan Alpa, IkJl. Onn. Ufd. lUd. ser. iii. vol. 
iU. (1892), p. 176 ; consult also Heim’s * Mechanismus der Gebirgsbilduiig ’ ; SnesK, ‘ Antlit* 
dar Erda ' and ‘ Entatahung der Alpan ’ ; A. Farre, * Rechercbes Otel. dans las pai^^ de la 
Savola da Pi4mont at de la Snissa voiainea dn Mont Blanc,’ 1867, and ' Deacrij^fnon G6ol. 
Canton Oaniva,’ 1880 ; E. Fraas, ‘Scenaria der Alpen,' 1892 ; the writings of A. Rothplet* 
pitad cmle, p. 877 ; Duparc and Mrasec, ‘Mont Blanc,’ Geneva, 1898. *• 

* Baaidas the gi^ work of Heim on this region and the memoi^ of RothplaU ciiarl 
aula, p. 677, sea a pl^r by the fatter in Z, D. (i. U, xlix. (1897), p. 1 ; one by Baltxer, 

dt, U. (1899), p. 827 r and farther remarks by Rothplelf in same volume. 
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which plunge steeply under them. Classical examples of this structure 
occur in the Alps (Mont Blanc, Fig. 258, St. Gothard), where crystalline 
rocks such as granite, gneiss, and schist, the oldest masses of the chain, 
have been ridged up into the central and highest peaks. Alc/UglfBese 
tracts, denudation has been of course enormous, for the appearance of the 
granitic rocks at the surface, has l>een brought about, not neces.salily by 
actual extrusion into the air, but more probably by prolonged erosion, 
which in these higher regions, where many forms of sub-aerial waste reach 
their most vigorous phase, has removed the vast overarching cover of 
younger rocks under which the crystalline nucleus doubtless lay buried. 

With the crumpling and fracture of rocks in mountain-making, the 
hot springs may be connected, which so frequently arise along the flanks 
of a mountain chain. A further relation is to be traced between these 
movements and the opening of volcanic vents along a mountain-chain or 
parallel to it, as in the Andes and other prominent ridges of the crust or 
along the crests of sub oceanic ridges, as is so strikingly displayed in the 
Pacific and Atlantic basins. Klevation, by diminishing the pressure on 
the parts beneath the upraised tracts, may permit them to assume a 
liquid condition and to rise within reach of the surface, when, driven 
upwards by the expansion of superheated vjipours, they are ejected in the 
form of lava or ashes. Mr. Fisher has suggested that the lower half of 
a <loublo bulge of the crust in a mountain (p. l.’lfiG), by being depressed 
into a lower region, may be melted off, giving ri.se to siliceous lavas 
which may rise before the deeper basaltic magma begins to be erupted. 

A mountain-chaiiL may bo the result of one movement, but probably 
in most cases is due to a long succession of such movements. Formed 
on a line nf weakness in the crust, it has again and again given relief 
from the strain of compression by undergoing frc.sh crumpling and 
upheaval. Succe.ssive .stages of uplift are usually not difficult to trace. 
The chief guidi' is supplied by unconformability (p. 820). Let us 
suppose, for example, that a mountain range (Fig. 504) consists of 
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upraised Lower Silurian rocks (<f), upon the upturned and denuded edges 
of which the Carboniferous Limestone {b h) lies transgressively. The 
original upheaval of that range must have taken place between the 
Lower Silurian and the Carboniferous Limestone periods. If, in follow- 
ing thb ninge along its course, we found the Carboniferous Limestone also 
highly inclined and covered unconformably by the Upper Coal-measures 
(c c>; wo should know that a second uplift of that portion of the ground 
had taken place between the time of the Limestone and that of the 
Upper Coal-measures. -Moreover, as the CoaVmeasures were laid down 
at or below the sea-lfvel, a third uplift has subsequently occurred 
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whereby they were raised into dry land. By this simple and obvious 
kind of evidence, the relative ages of different mountain chains may be 
compared. In most great mounUiin chains, however, the rocks liavo 
be^i* so* intensely crumpled, dislocated, and inverted, that much labour 
may be require!! before their true relations can be determined. 

Thio Alps offer an instructive example of a groJit mountiiiu .sybtein 
formed by repeated movements during a long suctession of geological 
periods. The central ])ortioiis of the chain consist of gneiss, .schists, 
granite, and other crystalline rocks, jmjitly referable to the j)re-('aml)riaii 
series, but some of which (Schistes lustres, Biindnerschiefer) include meta- 
morphosed I’alicozoic, Secondary, ami in some places, perhaps, even older 
Tertiary depo.sits (pp. 80‘J, 1 0h9). It wonhl ap|M‘ar that t he first outlines of 
the Alps were traced out even in ])re-(’amhrian times, and that after sub 
mergence, and the deposit of Pahcozoic formatiiuis along their flanks, if 
not over most of their site, they were le elevated into land. From the 
relations of the Mesozoic locks to each other, we may infer that several re- 
newed uplifts, after successive dcnmlation.s, took place before the heginning 
of Tertiary times, )mt without any geneial ami exten.sive plication. A 
large part of the range was certainly suhmerged during llie Kotene perioil 
umlcr the waters of th^t wide sea which spn'ad across the centre of the 
Old World, and in whicli the numninlitie limestone and flysch were 
deposited. But after that jiciiod the grand upheaval took place to which 
the pro.sent magnitude of the monntimis is chiefly due. 'I'lie older 
Tertiary rocks, previou.^'ly horizontal under the sea, were raised up into 
mountain-ridges more than 1 1,000 feet above the sea-level, and, tijgether 
with the uldt-r formations ilie ehaiii, underwent eolossal jilieation and 
displacement. ICnormons slices of the oldc-st loeks were torn away from 
the foundations of the chain and dri\cn horizonully for miles until they 
came to rest upon some of tlie newest formations. The thick Mesozoic 
groups were folded over each other like piles of carjiets, and involved in 
the lateral thrusts so as nuw' U) l>e seen re.sting U}K)n the Tertiary fiysch. 
So intense was the compression and shearing to whicli the rocks were 
subjected that lenticles of the Carboniferous series have Iweii folded in 
among .Jurassic stratii, and the whole have laum so welded together that 
they can hanlly he distinguislied where they meet, and what w-ere 
originally clays and sands have been converted into hard crystalline 
rocks. It is strange to reflect that the enduring materials out of which 
so many of the mounUiins, cliffs, and pinnacles of the Al])s have l>eeii 
formed arc of no higher geological anti<|uity than the l..oridoii Clay and 
other soft Kocene de[>osits of the south of Kuglaud and th(^ north of 
France and Belgium. At a later stage of Tertiary time, renewed dis- 
turbance led to the destruction of the lakes in which the molasse had 
accumulated, and their thick sediments were thrust up into larga broken 
mountain masses, such as the Kigi, Hossberg, and other prominent 
heights along the northern flank of the Alps. Since that last pst-hjpeono 
movement, no great orogcnic [laroxysm seems to have affected the Alpine 
region. But tVe chain h|8 been loft in a state of unable equilibrium. 
From time to time jnormal faults have taken ^lace whereby portions of 
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the uplifted rocks have sunk down for hundreds of feet^ and some of 
these dislocations have cut across the much older and more gigantic dis- 
placements of the thrust-planes (Fig. 282). At the same time continuc^iu 
denudation has greatly transform^ the surface of the ground/ so*C^t 
now cakes of gneiss are left as mountainous outliers £pon a crushed 
and convoluted platform of Tertiary strata.^ Nor, in spite of the settling 
down of these broken masses, has final stability beeh attained. The 
frequent earthquakes of the Alpine region bear witness to the strain of 
the rocks underneath, and the relief from it obtained by occasional rents 
propagated through the crust along the length of the chain. 

The epeirogenic evolution of a continent during a long succession of 
geological periods has been admirably worked out for the whole globe 
by Suess, for Europe by him and by Ncumayr, and for North America 
by Dana, Dawson, Dutton, Gilbert, Hayden, King, Newberry, Powell, 
and others. The geneml character of the structure of the American 
continent is extreme simplicity, as compared with that of the Old 
World. In part of the Rocky Mountain region, for example, while 
the Palaeozoic formations lie unconformably upon pre-Cambrian gneiss, 
there is, according to King, a regular conformable sequence from 
tl»e lowest Paleozoic to the Jurassic rocks, though probably many 
local unconformabilities exist. During the enormous interval of time 
represented by these massive formations, what is now the present axis 
of the continent appoitrs to have been exempt from any great orogenic 
paroxysm and to have remained hardly disturbed by more than a 
gentle and protracted subsidence. In the great depression or geosyn- 
cline thus produced, all the Palaeozoic and a great part of the Mesozoic 
rocks were accumulated. At the close of the Jurassic period, the first 
great upheavals took place. Two lofty ranges of mountains — the Sierra 
Nevada (now with summits more than 14,000 feet high) and the 
Wahsatch — 400 miles apart, were pushed up from the great subsiding 
area. These movements were followed by a prolonged subsidence, during 
which Cretaceous sediments accumulated over the Rocky Mountain 
region to a depth of 9000 feet or more. Then came another vast uplift, 
whereby the Cretaceous sediments were elevated into the crests of the 
mountains, and a parallel coast-range was formed fronting the Pacific. 
Intense motamorpbism of the Cretaceous rocks is stated to have taken 
place. The Rocky Mountains, with the elevated table land from which 
they rise, now permanently raised above the sea, were gradually elevated 
to their present height. Vast lakes filled depressions among them, in 
which, and on the plains in front of the mountains, as in the Tertiary 
basins of the Alps and the Gondwana series of the Himalaya, enormous 
masses of sediment accumulated. The slopes of the land were clothed 
with antv abundant vegetation, in which we may trace the ancestors o1 
many of tne living trees of North America. , One of the most striking 
features in the later phases of this history was the outpouring of great 
floods of trachyte, be^t, and other lavas from many points and fissurei 

‘ Theao features of alpine teotonice have been admirably deciphered by Dr. Botbpleta ii 
the eeries of memoirs already oitar\ 
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over a vast apace of the Rocky Mountains and the tracts lying to the 
west In the Snake River region alone the basalto have a depth of 700 
to 1000 feet, over an area 300 miles in breadth. 

>The|e examples show that the elevation of mountains, like that of 
continents, ha# been occasional, and probably sometimes paroxysmal. 
Long intervals elapsed, when a slow subsidence took place, but at last 
a point was readhed when the descending crust, unable any longer to 
withstand the accumulated lateral pressure, was forcctl to find relief by 
rising into mountain ridgas. With this effort the elevatory movements 
ceas^ for the time. They were followed either by a stationary periixl, 
or more usiuilly by a renewal of the gradual depression, until eventually 
relief was again obtained by upheaval, sometimes along new lines, but 
often on those which had previously been used. The intricate crumpling 
and gigantic displacements and inversions of a great mountain -chairf 
naturally suggest that the movements which causotl tlie-se disturbances 
of the strata were sudden and violent And this inference may often, if 
not generally, be correct. It is not so easy, however, to tlemonstratc that 
a disturbance was rapid as to prove that it mu.st have been slow. That 
some uplifts resulting in the rise of ini[M)rtant mountain ranges have 
been almost insensibly brought abtait, is lailieved to be shown by the 
operation of rivers in the regions airecte<l. I'hiw the rise of the Uinta 
Mountains appears to have been so <piiet, that the (ireen River, which 
flowed across the site of the range, has not been deflected, but has 
actually been able to deepen its canon as fast as the mountains have 
been pushed upward.^ The Pliocene accumulations along the southern 
flanks of the Himalayas show that the rivers still run in the same lines 
as they occupied l»efore the hist gigantic uphcjival of the chain (p. 1297).* 
A similar conclu.sion h.*w been drawn from the river- valleys in the Klburz 
Mountains, Persia.* 

2. Terrestrial Features due. to V'olcanic Action. — The two 
types of volcanic eruptions described in Book III. Part I. give rise to two 
very distinct types of scenery. The oixlinary volcanic vent lejwls to the 
piling up of a conical mass of eruptetl materials round the orifice. In it,s 
simplest form, the ci)ne is of small size, and has been formed by the 
discharges from a single funnel, like many of the tutf and cinder-cones of 
Auvergne, the Eifel, the Bay of Naples, the Permian necks of Central 
Scotland, the Tertiary vents of the Swabian Alb, and the youngest cones 
in the volcanic . tracts of the western United States. Kvery degree of* 
divergence from this simplicity may bo traced, however, till we reach a 
colossal mountain like Etna, wherein, though tlic coniciil form is still 
retained, eruptions have proceeded from so many lateral vents that the 

* Powell's “Geology of the UioU MouitUiuH, " in the Ite|H)rts of U.S. ifmjraphwd nnd 

QtdoguMl Survey Rocky Mountain Regv»n, 1S76. Tlie Mine conrlasion MiMfrswn by 
Oilbertfrom the etnictnre of the Wshsatch Moimtains. See hin admirable ewuiy on “ lAnd 
Scttlptare,” in hia “Geology of the Henry Mountatos" piiltiUbed in the aame acwica of 
Report!, 1S77. * 

* Medlioott andiBlaafonl, * Geology of India,' p. 570. 

* B. Tlettt. /oiM. Ged, Re&mnet. xxriU. (1878), 
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main cone is loaded with, minor volcanic hills, or like some of the still 
more gigantic peaks of Ecuador, where such huge masses of solid rock 
form the central and loftiest part of the structure. Denudation as well 
as explosion comes into play ; deep and wide valleys, worn down* vhe 
slopes, serve as channels for successive floods of lava oi** of water and 
volcanic mud. On the other hand, the tyi^e of fissure-eruption in avhich 
the lava, instead of issuing from a central vent, has flowed out from 
minor vents along the lines of many parallel or connected fissures, leads to 
the formation of wide lava-plains com{)ose(l of suecessive level sheets of lava. 
By subsequent denudation, these plains are trenched by valleys, and, 
along their margin, are cut into escarpments with isolated blocks or out- 
liers. Thus, while at first they look like lakes or seas of black verdure- 
less rock, as in the modern lava-deserts of Iceland, or those of more 
Sneient date in the Western United States, they eventually become great 
plateaux or Uiblo-lands trenched by deep and wide valleys or cut into tall 
cliffs by the sea, like those of north-west Europe, the Deccan, Abyssinia, 
and the Snake Kiver. 

The forms assumed by volcanic masses of older Tertiary and still 
earlier geological date are in the main due not to their original contours, 
but to denudation. The rocks, l)eing commonly harder than those 
among which they lie, stand out prominently, and often, in course of 
time and in virtue of their mode of weathering, assume a conical form, 
which, however, has usually no relation to that of the original volcano. 
Eminences formed after the type of the Henry Mountains (p. 736) owe 
their dome-shape to the subterranean effusion of erupted lava, but the 
superficial irregularities of contour in the domes must be ascribed to 
denudation (Figs. 301, 324, 326, 328, 329, 33S). 

3. Terrestrial Features due to Denudation. — The general 
rosidts of denudation have l)een discussed in Book III. Part II. Sect, ii.^ 
Every jmrtion of the land, as soon as it rises above the sea-level, is 
atUcked by denuding agents. Hence the older a terrestrial surface, the 
more may it be expectetl to show the results of the operation of these 
agents. We have already seen how comparatively rapid are the pro- 
cesses of subaerial waste (pp. 586-597). It is accordingly evident that 
the present contours of the land cannot be expected to reveal any trace 
whatever of the early terrestrial surfaces of the globe. The most recent 
moimtain chains and volcanoes may, indeed, retain more or less markedly 
their original superficial outlines; but these must be more and more 
effaced in proportion to their geological antiquity. 

^ The part taken by denmlation in landscape hati been much discuRsed. It was strongly 
enforced by Hutton in his * Theory of the Earth,’ and by Playfair in his * lUnstrations of the 
Huttouian Theory.’ The views of these pioneers were adopted and worked out in some 
detail by Jukes (pos/ea, p. 1384), afterwards by Ramsay in his volume cited on p. 1364, by 
myself in**. Jy ‘ Scenery of Scotland,’ and by Topley and Foster with reference to the Wesld 
of the South of England (Afem. (teol. Survey, 1875). Since these early writings the subject 
has been taken up with great enthusiasm in the United States, es;>ecially by Powell and 
Gilbert Professor W M. Davies has also written voluminousiy upon it. To some of his 
papers reference is m^e in j»nbaeqnent pages. The subject ^*s discussed in the volume * Lee 
Formee du Terraiu,’ by MM. De,'a Noe end De Margerie. 
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The fmidamentnl Ihw in the eroeion of terrestrial surfaces is that 
harder rocks resist decay more, while softer, rocks resist it less. The 
former consequently are left projecting, while the latter are worn down. 
iTfe'teitns “ hard ” and “ soft '* aix* used here in the sense of being less 
easily and more easily abrade<l, though every rock sutfers in some 
measure. If, therefore, a jwrfectly level surface, composed of rocks 
exceedingly une<^ml in power of resistance, were to l)e raised above the 
sea, and to be expo.sed to the action of weathering, it would eventually 
he carved into a system of ridgt's and valleys. The prominences would be 
largely <leteiinined by the position of the harder rocks, the dej)rei‘sion< 
by the site of the softer. But no surface of land in Jialure is perfectly 
smooth and level. There arc always undulations and ine(|ualilie.s whicli, 
though they may he imjKjrceptible to the eye, make themselves ctuispicnon^i 
when rain falls, for even the faintest hollows then become poids or serve 
as channels for the descent of the water to lower levels. Hence, whethei 
by initial inequalities of surface, or by varying degrees of softness, 
every mass of land, as .sium as it is upraised al)ovo sea-level, lagiiis 
to l»e unequally eroded. The hollows and valleys mark, on the whol«*, 
where the denudation is greatest. 'I'lic hills and prominent ridges are 
found to he where they are, not so much because they have there been 
more upheave<l, luit because, by the dis))osition of the original dniinage 
lines, they have, be«*n less eroded than the valleys, or because they an‘ 
composed of more durable materials. 

Ill this marvellous juocess of land sculpture, we h.'ivo to consider, oi\ 
the one hand, the agmts ami e<inihinati<»n'> of agents which aie at work, 
and on the other, tiie varying ])Owers of resistance arising fnun declivity, 
comptKsitioii, and structure of the materials on which these agents act. 
The force.s <jr condition.s required m denudation — air, aridity, rapid 
alternations of moisture and drought or of heat and cold, rain, springs, 
frosts, rivers, glaciers, the sea, plant ami animal life — have been describetl 
in Book III, Part II. Kvery country ami climate must «>)>viously have 
its own combination of erosive activities. 'I'he decay of the surface in 
Egypt or Arizona arises froni a ditVen nl group of force.s from that which 
can be seen in the west of Eurojie or in New England. 

In tracing the sculpture of the land, we arc smjn led to ])erceive the 
powerful influence of the angle of slope of the ground upon the 
rate of erosion. This rate ilocreases as the angle lessens, till on level 
plains it reaches its minimum. Other things Inung equal, a steep mountain 
ridge will be more deeply eroded than a gentle elevation of erjual height 
which rises gra(Iually out of the plain.s. Hence the declivity of tin* 
ground, at its first uplift into land, musl have had an important bearing 
upon the subsequent elusion of the slopc.s. It is iinjiorLant to observe 
that the depressions into which the first rain gathereil fui the laic of 
the newly upraised land would, in must CJises, Ijecome the permanent 
lines of drainage. They would be continually tieepened as the H^ter 
coursed in them, so that, unless where suhtcmuiean disti^ham-c carnc into 
play, or wher^ the chasnels were olwtructed by landslijis, \ohanic 
ejections, or otherwise, the streams w’ou^f* l»e to nnit tlie cliannel* 
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4h0y had once choien. The pjirnanence of drainage-lineais okke ol 
the moat remarkable features in the geological history of t^ continenta ' 
The main valleys of a country are usually among the oldest parts of its 
topography. As they are widened and deepened, the ^und between 




them Ik.*/ be left projecting into high ridges and even into im>mmen» 
isolated hills. 

oA chief element in the progress of land-sculpture is geological 
structure — ^thf ' character, arrangement, and competition of the rodui^ 
and the manner in which each variety yields to the attacks of the de» 
nuding agents. Besides the general relations of the so-called hard rotke; 





ip YMutiiilig {Hrominenees, and of aoft rocks to depressions, the broader 
geotectonie obiracters have had a dominant influence upon the evolution 
of terrestrial contours. As illustrations of this influence, reference may 
^<inade to the marked difference between the scenery of districts com- 
posed of stratified sedimentary rocks, and that of areas of massive 
eruptive rocks, such as granite. In the former case (Fig. 506), bedding 
and joints furnibh divisional lines, the guiding influence of which upon 
the external forms of the mountains is everywhere traceable. In the 
case of eruptive masses (Fig. 506), the rock is split open along joints 
only, which nuiinly determine the shapes of crest, cliff, and corry. 

Bedding produces a distinct type of scenery which can be traced 
from the sides of a mere brook up into tall sea-cliffs or into lofty 
mountain - groups. Moreover, much of the ultimate character of the 
scenery depends upon whether the strata have been left undisturbea; 
for the position of the bedding, whether flat, inclined, vertical, or 
contorted, largely determines the nature of the surface. The most 
characteristic scenery formed by stratified rocks is undoubtedly where 
the bedding is horizontal, or nearly so, and the strata are massive. A 
mountain constructed of such materials appears as a colossal pyramid, 
the level bars of stratification looking like gigantic courses of masonry. 
Joints and faults traversing the bedding allow it to be cleft into blocks 
and deep chasms that heighten the resemblance to ruined architecture. 
Impressive illustrations of these results are to be found in the Western 
Territories of the United States. The vast table-lands of the River 
Colorado, in particular, offer a singularly impressive picture of the effect# 
of mere subaerial erosion on undisturbed and nearly level strata (see 
Frontispiece). Systems of stream-courses and valleys, river gorges, un- 
exampled elsewhere in the world for depth and length, vast winding 
lines of escarpment, like ranges of sea-cliffs, terraced slopes rising from 
plateau to plateau, huge buttresses and solitary stacks standing lik# 
islands out of the plains, great mountain masses towering into picturesque 
peaks and pinnacles, cleft by innumerable gullies, yet everywhere marked 
by the parallel bars of the horizontal strata out of which they have been 
carved — these are the orderly symmetrical characteristics of a country 
where the scenery is due entirely to the action of subaerial agents tod 
the varying resistance of level or little disturbed stratified rocks. 

On the other hand, where stratified rocks have been subjected U> 
plications and fractures, their characteristic features may be gradually 
almost lost among those of the crystalline masses which under these circum- 
stances are so often found to have been forced through them. The Alps 
may be cited as a well-known example of this kind of scenery (Figs. 265- 
258, 282). The whole geological aspect of these mountains is suggestive 
of fonner intense commotion. Yet on every side proofs of» the most 
enormous denudation meet the eye. Twisted and crumpled, the solid sheets 
of limMtone may be seen as it were to writhe from the hue to the sqpiniit 
of a mountain, yet they present everywhere tbeir troq^ted ends to tbs 
sir, and from fbese end%it is easy to see that a vast amount of material* 
has been worn away. Apart altogether froi%what may have ^en tbs 
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shape of the ground immediately after the upheaval of the chain, there 
is evidence on every side of gigantic denudation. The suhaerial forces 
that have been at work upon the Alpine surface ever since it first appear^ 
have dug out the valleys, sometimes acting in original dep^ssions, some* 
times eroding hollows down the slopes. Moreover they hflfve planed down 



the flexures, excavated lake-bosins, scarped the mountain sides into cliff 
and f/v'/v/ur, notched and furrowed the ridges, splintered the crests into 
chasm and until no part of the original surface now remains in 

sight And thuS the Alps remain a marvellous monumerit of stupendous 
earth-throes, followed by prolonged and gigantic denudation 
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masuve or igneous rocks, the structure-lines are those of joints alone, 
and according to the direction of the intersecting joints the trend and shape 
the ridges are determined. The importance of rock-joints, not only in 
details of sccwery, but even in some of t)»e main features of the mountain 
outlines of massive rocks, and in the erosion of ravines is hardly ut first 
credible. It is^long these divisional lines that the rain has filtered, and 
the springs have risen, and the fro.st wedges have lw.*en driven. On the 
bare scarps of a high mountain, where the inner structure of the mass is 
laid 0 |)en, the system of joints is seen to have determined the lines of 
crest, the vertical walls of cliff and precipice, the f«>rm8 of buttress and 
recess, the position of cleft and chasm, the outline of spire an<l pinnacle. 
On the lower slopes, even under the tapestry of verdure which nature 
delights to hang where she can over her naked rocks, we may dett'ct the 
same pervading influence of the joints ujK>n the forms assumed by ravines 
and crags. Each kind of eruptive rock has its own system of joints, and 
by these in large measure is its characteristic type of sceiu'ry determined. 

A few of the more important features of the land may be briefiy 
noticed here in their relation U> this branch of geology. In the physio- 
L graphy of any region, mountains are the dominant features (p. 50). 

[ A true mountain-chain consists of rocks that have been crumpled and 
' pushetl up ill the manner already descrilx'd. Hut ranges of hills, almost 
mountainous in their bulk, may be forme<l by the gradual erosi<jn of 
valleys out of a mass of original high ground. In this way, soim* ancient 
table lands have been so channelled that they now j'onsist of nwissive 
rugged hills, either i.solated or connected along the flanks. Kmincnces 
detached by erosion from the masses of rock whereof thijy (Uico fitrinod a 
part, have been termed outlin'> (Figs. 124, 507, 508), or where of large size, 
hUls of circMrruiemdation. Their isolation may either be »lue to the action 
of streams working round them, ajiart altogether from g<‘ologic;il structure, 
or U) their more resisting constitution, which ha.s enabled them to remain 
prominent during the general degradation of the wliole surface. 

Table* lands (p. 53) may srmietimcs arise from two causes. In 
the first place, wide tracts of horizontal stratified rocks, whether of 
aqueous or of igneous origin, may be elevated by epeirogonic movemenU 
until, still preserving their general horizontal ity, they reach a height of 
hundreds or thousands of feet alx)ve the simi. In such c<*ises the surface 
of the platform may at first correspond broadly with that t>f the. stratifica- 
tion, though the progress of denudation tends continually to debtrr)y the 
connection between the two surfaces. Such examples are J’aUehnds of 
DepositioTL In the second place, a tableland may l>e formed by the abrasion 
of hard rocks and the production of a more or less level plain as the 
result of denudation. This process can only be completed when the land 
has been worn down by such long continued degradation tlP..^* its level 
is not much above that of the sea, and its slopes are so feeble that erosion 
almost ceases.^ But the result is most completely attained when tlva worn 
down platfory^ has been finally levelled out by the wfl^es of the sea and 
depres^ below sea-levtfi to the lower limit of marine erosion. Such a 
* Professor Devis hss proposed the term ** peneplain^ for snch & <ipnQded pltifomi. 






tonk n/t lorf^ whea raised into high land, becomes a TalMaikd of SrotUm, 
Kotabie examples are to be seen in the extensive f jelds '* or elevated 
pjateanx of S^ndinavia, many of which, rising al)ove the snow line, form 
vast maw-field;) whence glaciers descend almost to the sea-level. Fragments 
of a |imilar table-land may be recognised among the Gramjnan Mountains 
of Scotland. It can be shown that some of these plateaux are of high 
antiquity, that they have been protected for ages by formations now 
worn away from them, and that they aro being gradually destroyed by 
the denuding forces. Most of the great table lands of the globe seem to 
be platforms of the first type. But, whatsoever its mode of origin, the 
plateau undergoes a gradual transformation under continued denudation. 
No sooner are the rocks raised above the sea, than they are attacked by 
running water, and begin to 1)6 hollowed out into systems of valleys. ^ 
the valleys sink, the platforms between them grow into narrower and 
more definite ridges, until eventually the level tiible land is converted 
into a complicate network of hills and valleys, wherein, nevertheless, 
the key to the whole arrangement is furnished by a knowledge of the 
disposition and effects of the flow of w’ater. The examples of this process 
brought to light in Colorado, M'yoming, Nevada, and the other Western 
Territories, by Newberry, King, Hayden, Pow’ell, Gilbert, Dutton, and 
other explorers, are among the most striking monuments of geological 
operations in the world. The erosion of the ancient table lands of 
Scandinavia and Scotland, and their conversion into systems of hilly 
ridges and valleys, have been a more complex process, prolonged through 
a succession of geological periods with intervals of upheaval and depression, 
but though less impressive from its more limited scale, it conveys many 
interesting and instructive lessons as to the efficacy of subaerial waste.^ 
Watersheds are of course at first determined by the form of the 
earliest terrestrial surface. But they are less permanent than the water- 
courses that diverge from them. Where a watershed lies syraroetricslly 
along the centre of a country or continent, with an equal declivity and 
rainfall on either side, and an identity of geological structure, its site 
will be permanent, because the erosion on each slope proceeds at the 
same rate. But such a combination of circumstances can happen rarely, 
save on a small and local scale. As a rule, watersheds lie on one side 
of tbo centre of a country or continent, and the declivity is steeper on 
the side nearest the sea. Hence, apart from any influence from difference 
of geological structure, the tendency of erosion, by wearing the steep 
•lope more than the gentle one, is to carry the watershed backward 
nearer to the true centre of the region, especially at the heads of valleys. 
<Of course this is an extremely slow process ; but it must be admitted to 
be one of real efficacy in the vast periods during which denudation has 
Jl^conti^ed. Excellent illustrations of its progress, as well aa of many 
o^r features of land-sculpture, may often be instructively studied on 
.«.wy-banhB exposed to the influence of rain.’ 

^ Tht ptatMu the ArdeniiMf {• another instesoe of e Ubleieoa OMnwion cot in tneiOAf 
pUeated roeke. Ita eronion is nfitioed by H. Aretowaki, B. S. O. F. zxUi. (18V5), p. 8. 

* on thie eiihfeet Mr. Oilbert’a anggestire renerka A the Eaaey on *■ Lend lenlptore * 
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The crests of mountains are watersheds of the sharpest type, where 
erosion has worked backward upon a steep slope on either side. Their 
forms are mainly dependent upon structure, and especially upon systems 
of joints. It will often be observed that the general trend of •a crest 
coincides with that of one set of joints, and that the bastions, recesses, 
and peaks have been determined by the intersection of another se^. If 
the rock is uniform in structure, and the declivity equal in angle on 
either side, a crest may retain its position ; but as one side is usually 
considerably steeper than the other, the crest advances at the expense of 
the top of the gentler declivity. But, under any circumstances, it is 
continually lowered in level, for it may be regarded as the part of a 
mountain where the rate of subaerial denudation reaches a maximum. 

ordinary clifi* is attacked in front, but a crest has two fronts, 
and is further splintered along its summit. Nowhere can the guiding 
influence of geological structure be more conspiciumsly seen than in tlie 
array of spires, buttresses, gullies, and other striking outlines which a 
mountain crest assumes. 

Valleys have had their direction determined (1) by flcvures of the 
torrcstrial crust ; (2) by lines of fault ; or {:)) by original ine<iualities on 
the surface of an uplifted platform of denudation. It is much less common 
than might be siipposed to find a valley lying along a synclmal trough, 
though some of the larger depressions parallel with the strike of the 
plication in a mountain-chain have obviously bad this origin. Again, 
the coincidence of valleys with lilies of fault is proliahly much less fre- 
quent than is often supposed. To many geologists the mere existence 
of a valley is evidence of the presence of a fault. In every case actual 
proof of the fault should he sought in the tectonic structure of the ground. 
The detailed mapping of the (Tcological Survey of Britain has shown that 
in the vast majority of cases in that country valleys have no connection 
with faults.^ Where the disposition of a system of valleys has been 
determined by forms of surface due to the uplift of a mass of land above 
sea-level two dominant trends may be observed among them. There is 
first a lomfitiulmil series corresponding to the strike of the flexures in the 
upraised ridge, and secondly a transverse series formed by the flow of the 
water down the slopes into the longitudinal valleys or into the seii. But 
even in these cases, for the most part little more than the initial direction 
is due to underground movement. The actual formation of valleys has 
been mainly the work of erosion.® Their contours depend partly on the 
Already cited (p. 1376). See also A. 0., Natitre^ xxix. (1884), p. 325, where the history of 
the watersheils of the British Isles istraceii, aud where a general outline of the- physiography 
of the country is given. 

* Lord Avebury mentions that on the St. Gothard railway line the tnnnels pass six times 
under the Remiss and that no fault occurs there (‘ Scenery of England,’ p, 2fl4). Perhaps ^ 
the most remarkable coincidence of a long line of depressions and valleys with a powerful 
rnpture bf the terrestrial crust is that of the “Great Rift Valley “ of Eastern Africa. 

* loe student should read the suggestive essay by the late J. B. Jukes (Q. /. G, S. xviii. 
(1862), p. 378), which was the first attempt to work out the history of the excavation of a 
valley system in reference to the geologic^ history of the g.ound. See also Penck, Xena 
JoArh. 18|K), p. 105 ; £. Tietie, Uvul, RmhMMi. xxzviii. (1888), p. 633. 
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itructur« and composition of the rocks, and partly on the relatjive potency 
the ditferent denuding agents. Where the influence of air, rain, frost, 
md general subaerial weathering has been slight, and the streams, supplied 
from cKsltini sources, have had suflieient declivity, deep, nariow, precipitous 
ravines or gorgci liave been excjivated. The canons of the ( olorado are 
1 msigiiificent example of this result (Frontispiece and Figs. lJi4, TiOT). 
Where, on tin* other hand, ordiiiart atmospheric action has more raphl, 
the sides of the river channels have been attaeke<l. and opm slo})ing glens 
and valleys have lieen hollowed (Uit. A gorge or defile is usually due 
to the action of a waterfall, whh h, beginning with some abrupt deelivity 
or precipice in the course of tlie river when it first commenced to ffow, 
or caused by some hanl rock crossing the channel, has eaUm its way 
backward, as already explained (p. 500). 

A pass is a portion of a watershed which has l)cen cut down by tTie 
erosion of two vall(*y.s, the heads of uhich adjoin on op|M)site sides of a 
ridge. Each valley is cut backward until the intervening ridge is at that 
place much lowered or even demolished. Most passes no doubt lie in ori- 
ginal but subsetiuently deepened depressions Iwtween adjoining mountains. 
The eonliimed degradation of a crest may obviou.sly give rise to a pass. 

[jakes havi! been formed in four several ways,^ 1. ]iy sulitorranean 
movements, as, for example, in mountain making and in volcanic 
explosions. The sub.sidencc of the central pait of a mountain sysU^m 
may defue.ss the heads of the valleys below the level of portions 
farther from the sources of the stream. Or the elevation of tlie lower 
parts of the valleys may cause an accumulation of water in their U[)por parts. 
We have seen how seritiusly the uplift in Scandinavia and in Canada and 
the northern United States is aflecting tlie drainage in those regions (pp. 
38 1, 387). Or a lake basin may be due to a special subsidence. 2. lly 
irregularities in the deposition of superficial accumulations prior totheeleva- 
tion of the land, or, in the northern pJirts of Kurope and America, during 
the di.sappearance of the ice-.she.et. 'I'he numerous tarns and lakes enclosed 
within mounds atid ridges of drift clay ami gravel are c\um)th*s. 3. By 
the accumulation of a barrier across the channel of a stream and the cotu 
sequent ponding back of the water, Tliis may lie done, for instance, l)y 
a landslip, by a lava strciini, by the advance of a glacier across a valley, 
or by the throwinir up of a bar by the sea acro.s8 the mouth of a river. 
4. By erosion. Water keeping stones in gyration can dig out |Kit-holo8 
in the bed of a river or on the sea-shore. Unequal subaerial weathering 
may cause rtjcks to rot much more dee])ly in some places tlian in fAliers, 
so that, on the removal of the rottcfl mateiial, the surface of the solid 
rock might l)e full of depressions. But the only known agent capable of 
excavating such hollows as might form rock- basin lakes is glacier-ice 

For the literature ccniiected with lake» see tl»e various publication!} cited p. ftl8. 
Itlie most complete account of the lakes of any country is to be found in tlie wimiraUe 
moDOgraph of M. Delebecqne, ‘ Lcs Lacs Fraii^ais,’ while the most delaileU treatise^on any 
sin|^« lake is tl^ great work of Prof. Forel, * Leman : Mono^^hie liniuologi<]oe,' |f 
which the first part of the thiiH volume, devoUsl to the biology of thPlake, has appeared as 
these pages are passing through the press. 




’'(tt 562). Jt i» a remarkable fact, of which the eigniflcance may now be 
mn, that Che innumerable lake-baeins of the northern hemiephere lie, for 
the most part, on surfaces of intensely Ice-worn rock. The strim can 1)p 



seen on the smoothed rock-surfaces slipping into the water on all sides 
These strim were produced by ice moving over the rock. If the 
oouldt as the strite ^rove, descend into the rock-basins and mount ^ tm 
farther side, smof/Aing and striating the rock »s it went, it could, to t 
certain depth at least, erode basins. 




^ To wlai cause any particular lake beam is tp be ascribed must be 
detentiined in each ease by an ezaminatipn of its local evidence. 
Q^oualy in some regions all the four modes of origin may have been at 
work. * A lofty mountain-chaiD, if still subject to underground movements, 
might sink in its central axis or have a subsidiary uplift along its lK)rderBr 
with the result of ponding back the drainage of the valleys and giving 
((rise to a series ol lakes. At the same time, its glaciers might be scouring 
out rock-basins on the floors of the valleys, which might eventually be tilled 
with water and form lakes, or the moraines might be so irregularly 
thrown down as to enclose tarns between their mounds and ridges ; or 
lastly, avalanches sweeping down detritus from the higher sIojhjs might 
dam up the drainage of some valleys and thus give rise to lakes. 

In any case it is obvious that as detritus is conti?iually beiiig waslnj^ 
or blown into these sheets of water, our presctil lakes cannot be of any 
great geological antiquity. W'e see, indeed, all over the nortliern iwrt of 
Europe and North America, that numerous as the lakes still are, they 
form only a small profwrtion of those that came into existence after the 
Ice Age, for innumerable examples may bo observed of alluvial plains anrl 
peat-bogs which mark where lakes once existed. And every whe»t5 we 
may trace how those which still remain are being filled up by the creep- 
ing of marshy vegetation into their waters, by the influence of rain and 
wind in removing into them the fine imrticles of the soil from their 
surrounding slopes, and by the growth of the deltas of the strOAms that 
flow into them. 

In the general subacrial denudation of a country, innumerable minor 
features are worked out as the slnicturc of the rocks controls the o|HTa 
tions of the eroding agents. Thus, among inidisturbed or gently inclined 
strata, a hard bed resting U[)on others of a softer kind is apt to form 
along its outcrop a line of cliff or escarpment, as in the “mesas” and 
“buttes” of the western t'nited States (Figs. 124, 507). Though a long 
range of such cliffs resembles a cojist that has Wn worn by the sea, it may 
be entirely due to mere atmospheric M'aste. Again, the more resisting 
portions of a rock may be seen ]>rojectiiig as crags or knolls. An 
igneous mass will stand out as a bold hill from amidst the more decom- 
posable strata through which it has risen (Fig. 324). These features, 
often 80 marked on the low'cr grounds, attain their most conspicuous 
development among the higher and barer juirts of the mountains, where 
Bubaerial disintegration is most rapid. The torrents tear out deep 
goilies from the sides of the declivities. Corries or cirques, if not 
originally scooped out by converging streamlets (their mcxle of formation 
is a somewhat difficult problem), are at least enlarged by this action, and 
their naked precipices are kept bare and steep by the we<lging off of 
laocessive slices of rock along linos of joint. Harder bands of rock 
project as massive ribs upon the slopes (Fig. 338), shoot up into 
prominent peaks, or, with the combined influence of joints and«{pults, 
give to the Bummits the notched saw-like outlines tbe)^ often present. 

The matefials worn# from the surface of the In^ber are sprea^f 
oat over the lower grounds. We have traoed how streams ^at once 
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begin to drop their freight of sediment when, by the lessening of their 
declivity, their carrying power is diminished (p. 504). The great 
plains of the earth’s surface are duo to this consequent deposit of gravel, 
sand, and loam. They are thus monuments at once of ^fie destructive 
and reproductive processes which have been in progress unceasingly since 
the first land rose above the sea and the first shower of rain fell, livery 
pebble and particle of the soil of the plains, once a portfon of the distant* 
mountains, has travcUetl slowly and fitfully downwaid. Again and a^in 
have these materials been shifted, ever moving seaward. For centuries, 
perhaps, they have tiiken their share in the fertility of the plains and 
have ministered to the nurture of flower and tree, of the bird of the air, 
the beast of the field, and of man himself. But their destiny is still the 
great ocean. In that bourne alone can they find undisturbed repose, and 
tiierc, slowly accumulating in massive beds, they will remain until, in 
the course of ages, renewed upheaval shall raise them into future land, 
and thereby enable them once more to pass through a similar cycle of 
change. 
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An adtrUk (Utachetl to a numfier dfrwtt^ that a jiijurf of the snh/rd wdl be/ound un 

indUaied. Uenfra and species of fossils are printed im Unlirs^ e.ree^d xchert. they art 
used as marking stratigraphteal subduvions. Each genus ts generally enumenited only 
once in each stratigniphical system in which it occurs, but ocrasumally, especially irhere 
its occurrence is if marked interest or importance, additional insertuais are made. 


“ Aa " lavas, 299 
Aachenian, 1198 
Abies, 1257 
AbietUes, 1085, 1214 
Abaarokite, 228, 236 

Abysmal deposits, 168, 177, 179, 583, 828 
Acacia, 1262, 1270 
Acadian formation, 931 
Aoanthaspis, 988, 1013 
Acanthocaris, 1031 
Aeanthoceras, 1170* 

Acanthocladia, 1066 
Acanthodss, 1004*, 1031, 1068 
AeanthoUpis, 988 
Acanthopholis, 1173 
AcaiUhUhyris, 1116* 

Acceasory minerals, 89, 90 
Aoer, 1164, 1252, 1262 
Aceratherium, 1234, 1249, 1273, 

1294, 1295 
Accrocare, 925 
Aeervularia, 937, 958*, 984 
AcheUina, 1238 
Aoheulian Series, 1349 
Adiyrodon, 1128 
Acid Igneous Rocks, 199; metamorpbic 
action of, 767 

Addaspis, 941*, 946, 974, 986 
Acids, treatment of rooks with, 1 17 
Adisina, 1048 
Aoniite*tracbyte, 222 
Acotkendvm, 1234 
Aoro^ordieeras, 99^ 

Aaveulia, 963 
Aendus^ 1089, 1122, 1173 
iienij^aster, 1173 
1008 

Aaraaafai s g, 1114 
AerndieMa, 1085 ‘ 

Acntreta, 916, 11^ 


Aerothele-, 915, 950 
Aclieon, 1216 
Aetseonella, 1170 
Adivemxna, 1117 
Artinocnmax, 1172* 

Actinocamax pleims, Zone of, 1182, 1190, 
1191 

Actinocamax quaiiratus, Zone uf, 1182 
Actinoceras, 940, 986, 1023 
Actinocnuus, 1022 
Actinodesnui, 986 
Ac/inotlon, 1069 
Actinadonta, 972 


Adiantites, 1038 
Adinole, 254, 774 
Admcte, 1284 
Adolje, 439, 440 
Adrianites, 1067, 1076 
Adriatic Sea, silting up of parts of, 616 
j£ger, 1088, 1119 
jBglina, 941* 

jEgoccras, 1089, 1119, 1133, 1135*, 1186 
ifigoccrss Jauiesoni, Zone of, 1188 
sBluriclys, 1249 
ASlurodon, 1273 
JSlurogale, 1297 
dSlwopsis, 1297 

^liu Islands. Su Lipari IslanA* 
iBolian rocks, 169, iSl, 438, 440, 448 
Aerolites, 16 
ABquipeclei^ 1283 
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Actinohte, 101 
I Actiuolite schiHt. 252, 790 
j Actingphyllum, 960 
Actinosepia, 1173 
' Actinostrvmu. 990 
1291, I Actiuozua, esilkat (osstl, 912 
' Adac/ia, 1292 
' Adapts, 1234, 1255 
I Adfiastm^n, 1141 
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iBtitcs, 187* 648 
AetobaiMt 1226 
AUosaurui^ 1020 
Africa, geological maps of South, 11 ; lakea 
in, once connected with the sea, 41, 42, 
519 ; area, mean height, and greatest 
elevation of, 49; proportion of coast- 
line of, 54 ; ba^t-plateaux of, 346 ; 
active volcanoes in, 348, deserts of, 443 ; 
“ sand-rivera ” of, 494 ; work of termites 
in, 628 ; great rift of, 700, 1384 
pre-Cambrian rocks in, 905 ; Carboni- 
ferous system in, 1066 ; Permian, 1079 ; 
Trias, 1109 ; Jurassic, 1161 ; Cretaceous, 
1207, 1209 ; Eocene, 1239 ; evidence of 
former greater extent of glaciers in equi- 
torial, 1340 
Ay^hcmmtB^ 1214 
Agathicnas, 1076 
Agave, 1223 

Age, geological, as a basis for the classiAca- 
tion of igneous rocks, 198 
Agetacrinitea, 948 
AgelacrittM, 984 

Agglomerate, volcanic, 173, 276, 754 
Agglomerated structure, 135 
Aggregation, state of, in rocks, 32, 137, 
159 

Agrmtua, 912», 914, 940, 941 
Agnotoioic rocks, 867 
Agmiiatites, 986 
Agraaloa, 914 

Agriculture, geologicol influence of, 631 
Agrioclioirm, 1249, 1273 
Aigues Mortes, 499, 517, 520 
Aipkhthifa, 1173 

Air-breathers, earliest fossil, 943, 963, 1003, 
1032, 1033 

Air, currents of, affected by terrestrial rota- 
tion, 22 ; transport of volcanic dust by, 
293, 295 ; dust carried by, 437 ; destruc- 
tive geological action of, 432 ; influence of, 
on water, 446 ; effect of compression and 
expansion of, by breakers on rocks, 668 
Air- volcanoes, 318 
Akerite, 217, 707 

Alabaster (gypsum), 193 ; oriental, 191 
Alaciwja, 1362 
Alaria^ 1117 

Alaska, glaciers of, 637 * ; submarine erup- 
tion west of, 333 
Alauniau Group, 1106 
Alhtrtia, 1079, 1085 

Albian, 1182, 1186, 1186, 1196, 1199, 1208, 
1206, 1207 
Albite, 99, 790 
Albitisatlon, 790 
Alcelaphus, r297 
Alcea, 1287 

Alcyonai^an corals, 937 
Alder, TosaU, 1224, 128^ 

AletKopteria, 1002, lb26, 1027*, 1071, 
1108, 1109, 1161 , 

.Aleutian Islands, 279, 341, 847^ 


Algss, form marl, 524, 606 ; have accumu- 
late into masses of limestone, 171, 191, 
192, 605, 1086, 1100, 1102, 1269 ; 
precipitate silica, 609, 611 ; have formed 
some kinds of coal, 184, 1018, 1025, 1076^ 
reproductive influence of^some ^marine, 
605 ; transport stones in water, 1016, 
1163 ; earliest known, 910 ^ 

Algonkian, 904 
Alkali metals, 85 * 

Alkaline earths, 85 
Alkaline waters, 472 
AUacodon, 1179 
Allauite, 102, 412 
Alleghany River Series, 1061 
Allwiejima, 940 
Allodm, 1159 
Allogenic, 90 
AUomys, 1273 
Allups, 1249 

AlhrtUtm, 1066, 1078, 1088 
Alloaaurus, 1210 
Allotriomorphic, 89 
Alloys, natural, in meteorites, 17 
Alluvial fans, 605* 

Alluvial series of <lcj) 08 its, 1300 
Alluvium, 440, 604 
Alnoite, 238 

Ahius, 1164, 1262, 1270, 1276, 1277* 

Alps, upheaval of, i>ossibly connected with 
volcanic eruptions in Europe, 358 ; direc- 
tion of plication in, 894 ; compression of 
rocks of, 422, 678 ; glmners of, 538*, 
639*, 642, 548, 549* ; thickness of coral> 
reefs in, 623 ; inversion of rocks in, 676* ; 
thrust-planes in, 677*, 693* ; fan-shaped 
structure in, 678*, 1371 ; regional meta- 
morphism in, 800 

pre-Cambrian rocks of, 900 ; Silurian, 

976; Devonian, 994 ; Carboniferous, 801, 
1055 ; Permian, 1076; Trias, 1098 ; Jur- 
assic, 1155; Cretaceous, 1204 ; Ewene, 
1239, 1240 ; Oligoceue, 1258 ; flnal uplift 
of, 1261 ; Miocene, 1270 ; Pliocene, 1290 ; 
glaciation of, 1302, 1307, 1313, 1322, 
1337 ; interglacial deposits in, 1338 ; type 
of mountain-structure in, 1371 ; literature 
of the structure of, 1371 ; geological history 
of, 1373, 1379 

Alsace-Lorraine, geological majis of, 9 
Alaophiln, 1235 

Alteration of rocks by meteoric water, 166 ; 

by subterranean water, 473 
Alum at volcanic vents, 269 
Alum Bay, leaf-beds of, 1229, 1232 
Alum-slate, 171, 935 _ 

Alumina, proportion of, in earth’s crust, 87 ; 

in sandstones and shales, 109 
Alnmininni, proiiortion of, in enter part of 
earth, 83, 84 ; combinations of, 84, 95 ; 
dissolves carbon and yields with water 
marsh-gas, 270 
AlfseoUma, 1283 i 

Altwlina, n66, 1282 
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MmoHUb, 987, 948, 984 
Amaitheus, 1119, 1133, 1135», 1136, 1182 
Amaltbeus margaritatuu, Zone of. 1133 
Amazon River, 492, 607, 577, 588 
Amber,^185, 8|p, 1257 
AmberXetls of Ronigsberg, 1257 
Amberieya, 1117, 1215 
Ambktlheriwn, 1128 
Amhlyctontu, 122S^ 

AwJblypUnis, 1068 
Ambo^ia^ 986 
Ambonychia, 933, 948*, 962* 

Ambrym, volcuiuc eruption of 308, 335 


fossilii, 887 ; early appearance of, 986 ; 
niaxlmuin ilevelopment of, 1083, 1088; 
tiKOree of, 1023*, 1087*, 1134% 1186*, 
1136*. 1138*, 1143*, 1170*, 1171*; 
latent diveigeut ty^^i of, 1171, 1172; 
extinction o(, 1222 
.’it/t/tuisaMmu, 10S9 
w»M ii/enw, V9S, 1008 
Amtr/kictrtu, 1145 
Ji/ioMiMWi, 1223 

Atiiorpboua rock -structure, debnetl, 89 
Aiupbibia, foKstl, 987, 1033, 1068, 1089 
Aiii)ibilM>le, 101, 109 


America, North,, area, mean height, and An»|ihihole-olivine-rock, 241 
highest elevation of, 49; proportion of I Amphibolites, 101, 252, 259, 429 
coast-line of, 51; extinct volcanoes of, | Aniphi,ftH<i, 1116 
278, 281; fissure eruptions in, 341; , 1254 

earthquakes in, 372, 376 ; deforinution of | 1227, 1234, 1249, 1269, ff67, 

land in, 38 1 ; variation m level of old I 1272. 1273, 1297 

lake terraces in, 385; variations of j .1 /«/>/» 1250 

temperature in Westeia, 434 ; adobe ' Aiiiph<ijtnm, 986 

deposits of, 439, 440 liimlhlij.s in, 481 ; 1 .l/a/iAi’We#, 1128 

rivers of, 481, 486. 492, 4y:>. 502, 503, .l/«pAi«o'ry.r, 1234 

504; alluvial tans of, 505 ; rivcr-terracca ' AmphioM, 928, 952 

of, 507, 1345; l.igooiis ami bars ot, 513*; j AmphijH'rHt/uTtum, 1254 

great lakes of, 519, 523* ; salt and bitter \ Aiiiplupods, tossil, 941 

lakes of, 526*, 531 , glaciers of,.5;{7, 510 ; Amp/njont, 994 

pre - Cainbriaii rocks of, 902; pre- ; Auip/iisptitiym, ii'A7 

Faluiozoic laud of, 908; Caiiibii.ui laima ! Ainpfuj^tnjhui, 1269 
in, 910; Cambrian system in, 929; j Ainp/uMujt 1128 
Silurian in, 977; Devonian, 997. Old | AtuphHhMum^ 1128 
Red Sandstone, 1013 ; Carlxmitcroiis, j Amphitrtujuhts, 1227, 1254 
1061; Permian, 1080; Tiias, 1109; I .lwp/r.n//«im, 939 
Jurassic, 1159 ; Cretaceous, 1210 ; R'x-ene, j 1021 

1223, 1241 ; Oligocene, 1249, 1260 ; geo- j AmpuUantt^ 1297 
graphical changes in, during Miocene time, i 1238, 1257 

1261 ; Miocene deposits in, 1261, 1265, I Ampyx, 941* 

1272; Pliocene, 1298 ; glaciation of, 1 302, , Ain.stelian, 1289 
1305, 1307, 1308, 1340; loess of, 1351 ; , Ammium, 1232 

I)08t-glacial or recent deposits in, 1361 ; j Amygdalcs, 91, 99, 104, 134*, 235, 306*, 

general character of geological structure j 760 
and history of, 1374 ; great volcanic , Amygdaloid, 91, 134* 
activity towards the end of this history, ' Amygdula.^ 1223 
1374 , Amyimlon, 1243. 1265 

America, South, area, mean height, and highcnt | A nab(iati, 1114 
elevation of, 49 ; proportion of coa'.t-Iiue i Amdtaiu, 979 
of, 54 ; volcanoes of, 264, 268, 270, 277, ‘ Anai’hnrurm, 922 
284, 285, 292, 312, 342, 347; earth- I Amidara, \2^0 

quakes in, 365, 366, 368, 370,375, 376; I Aualcite (Aualcime), 104, 2-34, 238; as a 
uprise of coast of, 382, 386 ; glaciers of, I constituent of liasalt, etc., 104, 238, 240 ; 

540 I as a product of contact metaniorphism, 

Cambriuii system in, 932 ; Silurian, j 773 

978 ; Carboniterous, 1063 ; Jurassic, ! Analcite-liasalt, 104, 238, 240 

1169; Cretaceou-s 1217 ; Eocene, 1244 ; j Aiialrite-dialiase, 234 

Miocene, 1278; supposed former « oiinec- Aiialysis of rocks, mechanical, 114; chemi* 


tion of, with AffTEftilasia, 1273 * fauna in 
Pampas loams of, 1362 
Amiopsut 1173 
Ammoditeus, 1166 


cal, 116 
Anamesite, 234 
Anatwhyteg, 1167*, 1168 
Anaptotfu/rphutf 1229, 1248 


Ammonia, carbonate of, possibly concenied I .Inurcetles, 986 
in ty eKmination of carlxmate of lime by 1 Atuu^ 1254 
mamie 0TsaQUma,^113 Auataae, 85 


marine 0TgaQUma,^113 | Auataae, 85 

Ammonia*nitrat« HI atmosphereiM49 AnatibetUu, 1107 

Anunonoida (Ammonitea), as characteristic 1 AnatoinUe$jti\(n 
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innckUoj^ 1284, 1281 
1228 

1249, 1278 
Anmtawm^ 1089 

AnekUhm^in, 1227, 1249, 1263, 1273 
A&ohor*lc«, 189, 583, 664 
AndiurOy 1216 

AncOlAy 1237, 1250, 1263, 1267 
Ancyloceras, 1143, 1171* 

Aneyl&theriurnt 1278, 1296 
Aneylus^ 1888 
Ancylus-aea or group, 1833 
An^usite, 103 ; in metamorphiaui, 428, 
778, 779, 782 
AndalUBlte-scbiat, 782, 797 
Andes, 264, 268, 270, 277, 284, 292, 293, 
296, 312. 322, 323, 326, 329, 331, 347 
Anff&aine, 99 

Andesite, 219, 226 note, 350 ; forms pla- 
teaux, 763 

Andeaite Family, 228 
Akdromeda, 1211, 1252, 1257 
Aneimites, 1002 
Angelina, 922 
Angiopteridium, 1216 
Angiosperms, foaail, 1112, 1163, 1206 
Angoumien, 1196, 1200 
Anhydrite, 85, 107, 189, 194 ; expansion of, 
on conversion into gypsum, 400, 453 ; 
artlflcially formed, 414 ; deposits of, 1064, 
1071, 1072, 1096, 1294 
Animals, distribution of, as bearing on up- 
heaval and subsidence, 390 *, transport of, 
by wind, 445 ; transport of, on river 
rafts, 492 ; destructive action of, 600 ; 
protective action of, 604 ; forniations due 
to, 612, 624 ; ))reservation of remains of. 

. 826 ; geological bearings of the geographi- 
cal distribution of, 839, 849 ; earliest 
known forms of, 877, 904, 910, 931 ; 
domesticated, introduced by roan into 
Europe, 1356 
Animikie Series, 904 
Anlsian Stage, 1106 
Anieoctras, 1172 
Anisotropic bodies, 125 
Anisus, 1238 

Annelids, triturating action of, 602 ; pro- 
tective iuflueuce of some, 604- ; palaeonto- 
logical value of, 832 ; jaws of, 913, 942 ; 
fossU, 913*, 939, 1022 
Annnlaria, 1002, 1027* 

Anodanta, 998, 1003 

Anodontoptit, 979 

AnolcUes, 1107 

AnoHudocrinuB, 938 

Anomia, 11?5, 1237, 1253, 1269, 1292 

Anomite, 101 

AnomatgdMS, 1192 

AnonOeart, 915 

^Anomodonta, 1069, XOoO, 1089, 1090, 1122 
"AnmopUm, 1085 . 

AwmetainiUe, 108({, 1158, 1203 j 
iliiairfvi.^986 ^ 


AnqpUqtHara, 1088 
AnopMheea, 986 
AntpUitAeriuni, 1227, 1234, 1249 
An^enui, 916 
Anorthite, 99 q 

Anorthoclase, 221 
Anorthopygus, 1168, 1200 
Anorthose, 98 
Anorthosite, 282, 903 c 
Anosioimpsia, 1202 
Ant-eaters, fossil, 1273 
Antarctic regions, volcanoes in, 847 ; ice-cap 
and glaciers of, 535, 536, 587, 545*, 
565*, possible former insular connection 
in, between Old and New Worlds, 1278, 
1365 

Antelopes, ancestral forms of, 1227 ; advent 
of living genus of, 1268; fossil, 1278, 
1291, 1294, 1296 
Antlmlon, 1090 

Anthophyllite, 101 ; as a nietamorphic 
mineral, 774 

Anthracite, 184, 185 ; artiflcial production 
of, 427 ; formed in the contact -meta- 
morphism of coal, 771 
Anthramnya, 1023, 1031, 1078 
AnthracopUra, 1031 
Ainthracoairt, 1023, 1031, 1073 
A-inthracosanrus, 1033 
Anthmcotheriwn, 1249, 1267, 1294 
Ainthmjxifn^mon, 1023*, 1031 
Anticlines, 675 ; iuHueuce of, on scenery, 
1368 

Auticlinoria, 678 
Autigorite, 106 
Antilles, ike Indies, West 
A}UUoj)e, 1291, 1297, 1352 
Antipleuni, 940 

Ants, geological action of, 628 ; fossil 1248 
Anversian Stage, 1267, 1289 
A^parchites, 1006 

Apatite, 107, 117, IbO ; artificial formation 
of, 409, 414 
Apatocephalua, 922 
Apatamia, J179 
Apatoaaums, 1126 

Apennine chain, inetaniorphisra of Secondary 
and Tertiary rocks in, 804, 1106, 1157 ; 
Trias of, 1106; Jurassic, 1166, 1167; 
Cretaceous, 1206 ; Eocene, 1238 ; Oligo- 
cene, 1259 ; Miocene, 1271 ; 

1291 

Apes; early forms of; 1229, 1264, 1271, 1278 
Aphanite, 217, 224 
Aphanitic structure, 129 
Aphelopa, 1265, 1299^ 

Aphragmitea, 940 
AphylHUa, 986 
Apioerinua, 1114, 1142 
Apioeyatitaa, 988 
Aplite, 205* 217 
Apocrenlo acid, 598 
Apophyllltw^l04 - 
Apophyses of eruptive rooks 741 
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Lporhyolit^, 216 

iponhais, 1170. 1230, 1250, 1277 
IppiOachUn coal-fleld, structure of, 676* 
ipm/ndauu 1115 

IptUto, 118161185, 1186, 1196, 1198, 1208, 
1205, 1206, 1207 
964 

Ljftychus-bedR, 1156 
Apiu, 1338 • 

Aqueous Sedimentary Rocks, 159 | 

Aquia Creek Group, 1242 i 

Aquitouian Stage, 1249, 1252, 1253, 1254, 
1258, 1259 

AquO'igueous fusion, 412 I 

Arabelliia, 950 ' 

Arachnids, fossil, 943, 963*, 1003, 1032*, i 

1257 

Arach7wphylluvi^ 937 ! 

Aragonite, 106 ; less durable than cah ite, ! 

106, 156, 177, 613, 880, 831 ; as a con- | 
stituent of invertebrate skeletons, 155, • 

177, 613, 830 I 

Aral, Sea of, 41. 42, 527 I 

Aralia, 1165, 1230, 1252 
Aralo-Caspian depression, 41, 42, 49, 185, 
818, 819, 443, 527, 529, 530 
Arapahoe Group, 1244 
Ararat, Mount, 275, 323 ; fulgurites on, 433 
Araucaria, 1246 
Araucaritei, 1085, 1140 
Araucarioxylon, 1002, 1043, 1066, 1085 
Arliroath Flags, 1008 j 

^rca, 1139, 1186, 1232, 1253, 1263, 1282, i 

1331 

Area-Clay (Christiania), 1333 i 

ArccstMf 1058, 1089 • j 

Archaian, use of term, 861, 867 *, discussion j 
as to origin of rocks called, 864, 870 j 

Archtedincm, 1020 j 

Arehadurua, 1273 j 

Arehteocidaria, 1021 
Arcfuvocrinua, 938 
Archwocyaihus, 912 

Archteology and Geology, relative limits of, 
1857 

ArefueopUrUt 984, 1002, 1012, 1039 
Areh^opUryx, 1127*, 1155 
ArdueoplUiu, 1032 
ArduBoacyphia, 911 
ArchmxnniUa^ 1033 
Archanodon^ 1003 
ArdiegoaaurWt 1068 
Archidamiu, 943, 1003, 1010 
ArcKimtdea, 1022, 1062 
AfYAjmpIiwrw, 1038 
Ardwuliu, 1082 * 

Arctie Fresh -water Bed (Pleistocene of 
Norfolk), 1280, 1288 

Aretic rsgkuia, (ffoofa of former warm climate 
in, 2% 1108, 1129, 1159, 1209, 1271 ; 
teimr southwyd extensioo of ocean in, 

42 ; Tokanqnin, 847 ; proofs of npiioaval 
in, 887 ; Old Red SandstAe in, 2012 ; 
OarhonlfiMona rocks in, 1056; Permian 


in, 1081; Trias of, 1106; Jnrassio, 
1158, 1159 ; CreUceous, 1208; Miocene, 
12?l ; possible former land connection in, 
between the Old and New Worlds, 1866 
Ardouphalua^ 1245 
Arc/iicyon, 1226, 1234 
Arctoniya^ 1836, 1352 
Ardea, 1264 

Arenieotiica, 913*, 924, 989 
Areiiig group, 945, 962 
JrefAttiniMa, 972 
Arfvedsonite, 101 
Anjala^ 1254 

Argentina, geological map of, 1 1 
Argca^ 985 

Aigillaceoiis, defiiieil, 137 ; deposits, 187 
ArgilliU*, 172, 247 
Aryiflmltelya, 1231 
Ary Ulornia^ 1226 

Argon in atinosjtliere, 36 ; in mineral springs, 
471 


Argovian Substage, 1149 
Aryyroaaurua, 1218 

Aridity in relation to the dUintegratiou of 
rocks, 436 
Ariegites, 241. 243 
Arirtitcs, 1119,1133, 1134*. 1138 
Arietites obtusus, Zone of, 1133 

'rurneri, Zone of, 1183 

Arinncilua, 914 
Anatoryatdea, 938 
A rim, 1226, 1298 
Arkose, 166 
Ai’nia<lillo«, fosvil, 1273 
Armorican chain of plication, 394 
ArttiiX-rraa, 1183 

AniUHian Stage (Pliocene), 1278, 1290, 1293 

Aroidh, fossil, 1224 

Arpaditea, 1089 

Arlr*ia, 1028 

Artesian wells, 467* 

Artkrvpkycua, 936 
AHhnfptiua, 1035, 1065 
Arthrmlujma, 1002, 1014 
Arthroatylm, 989 
Artiuskian (I’erinian), 1069, 1077 
ylrMw^fo, 1165 
Arvicola, 1285, 1336, 1352 
Arvoniaii," 896 
Aaaphelina, 922 
AaaphrUtta, 922 

Asaphidw appear in ('aiiibriau strata, 923 
Aaaphua, 983, 940, 941* 

AslMstoa, 118 

Ascension Island, 275, 347 
Aacoeeraa, 940 
Ash, oldest species of, 1204 
Ash, volcanic, 178, 278 
Ashdown Sand, 1184 • 

Asia, area, mean ^igbt and greaAst ,«leva* 
tion of, 49; profmtlon of coast- line ^ 
54; active volcanoes in, 848; transport 
of diuy>y wind in, 487. 489, 440 ; deserts 
448^ diminith^ rain&U if, ^28 
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AiU» pt«>CMnbrlaii roclu in, 906 ; Siturinn 
in, 079 ; Devonian, 996 ; (krboniferoui, 
1067 j Permian, 1078 ; Trias, 1107.; Jur- 
assic, 1157, 1159 ; Cretaceons, 1209 ; 
Vooene, 1239 ; Oligocene and Miocene, 
1272 

AiUm, 1133 
Asphalt, 186 
A^idithJthyt^ 987 
Aspuftopns, 937 
At^iuniy 1209 

Atpidoceras, 1119, 1142, 1144, 1146 
Aspidooeras perarmatum, Zone of, 1142, 1144 
^spioior/tynchus, 1143, 1218 
AspidoMmOy 984 
A^Aenitu^ 1096 
Atpl^iium, 1158, 1166, 1224 
Assift, definition of a palffoutological, 860 
Astorte, 1078, 1116, 1119*, 1187, 1230, 
1256, 1272, 1277, 1286*, 1331 
Astartian (Kinierid^an), 1145, 1149, 1153 
AiUracanthvM^ 1142 
AaUrMtuhts^ 938 

AaierocaUimitea, 937, 984, 1002, 1012, 1028, 
1080, 1034 
Atteitxeras, 1133 
AaterochiienOt 1066 
Asteroidea (star-fishes) fossil, 939 
AAeroUpiSf 1005 

AaUn)phyUites, 1027*, 1028, 1065 
AiUroplaA 1013 
AtUroattitty 988 
Aathenodon, 1159 

Astian Stage, 1278, 1290, 1291,' 1292 
Asfierwi, 1183 
Astoria Shales, 1272 
Aalrteomorpha, 1086 
AalrtvosponguK 937 
Aitrocasnia, 1114 
^isri-oconio, 937 
AatiVfion^ 1210 

Astronomy, relation of, to Geolt^y, 1, 4, 18 
Asiropecten, 1139 
AatyUapongia^ 937 
Ataxites. 131 

Atherfield Clay, 1185, 1186 
Athyria^ 986, 1022, 1066, 1096 
Atlantic Ocean, characters of, 38 ; variations 
in sea -level of 48 ; submarine eniptiou 
in, 834, volcanoes of, 340, 347 ; rate of 
advance of tidal wave in, 677 ; teraj)eTa- 
tnre-distribntion in, 558 ; height of waves 
in, 661 ; depth of wave-action in, 662 ; 
climate affected by, 566 : ocean currents 
in, 677 ; proofs of upheavul in, 622 ; area 
of foramiuifernl ooze in, 624 ; indica- 
tions of upfise of floor of, 1302 ; origin of 
basin of, 1367 
AUantosaHrua^ 1126 
Atlantoeaurus Beds, 1159 
Atmosphere, currents oV; aflfeote^l *by tenres- 
* trial rotation, 22 ; height of, 84 ; pressure 
of, 35. 44, 723 ; origi^l oonstitutiou of, 
35 ; supposed forme^ gveateri^ount of 
( 


csrbonio add in, 36, 1019 ; oompodtioft - 
of, 36 ; water-vapour in, 37, 447 ; com* 
nection of varying pressure of, with vol- 
canic eruptions, 281 ; disturbance of, by 
volcanic explosion of Kr^atoa, (, 291 ; 
transport of volcanic dust by, 293, 296 ; 
geological action of, 431 ; cause of move- 
ments of, 431 ^ 

Atmospheric pressure, 43 k; affects volcanic 
activity, 281 ; affects water-level, 446 ; 
affects springs, 467 

Atolls. 616*, 618*, 619 ; probably based on 
volcanic peaks, 336 
Atractilea, 1088 
Atrypa, 940, 948* 986 . 

Aturut, 1260, 1270 
Aur^iUa, 1066, 1116, 1169 
Auchenaapia^ 942 
Augengneiss, 257, 682 
Augite, 102, 146 ; artificial production of, 
403, 413 ; conversion of, into hornblende, 
424 ; as a contact-mineral, 773 
Augite - andesite, 229 ; artificial production 
of, 404 

porphyry, 233 

rock, 232, 251 

schist, 251 

Augitgranulite, 258 

Augitite, 240 ; artificially formed, 406 

Auk, bones of Great, in shell-inouuds, 1360 

Aiihicoceraa^ 1088 

Aulacopterist 1019, 1086 

Aulocopinw, 937 

Aulophylhm, 1021 

Atilop(yra, 984, 1021 

Auioaterjea^ 1066 

AiirinfltL, 1215 

Aurinia, 1277, 1286* 

Australia, geological maps of, 11 ; area, mean 
height, and highest elevation of, 49 ; pro- 
portion of coast-line of, 54 ; Great Barrier 
reef of, 616 ; uprise of Queensland coast 
of,. 622 

pre-Canibrian rocks of, 907 ; Cambrian, 

933 ; Silurian, 979 ; Devonian, 999 ; 
Carboniferous, 1068 ; Permian, 1079 ; 
Trias, 1108 ; Jurassic, 1161 ; Cretaceous, 
1218 ; Eocene, 1244 ; Oligocene, 1260 ; 
supposed former connection of, with 
South America, 1278 ; Miocene deposits 
in, 1274 ; Pliocene, 1299 ; Pleistocene, 
1346 

Austria, geological maps of, 9 ; earthquakes 
in, 359 ; regioual inetamorpliism in, 801, 
804, 805 

pre-Cambrian rochr^n, 901 ; Cambrisn, 

929 ; Silurian, 973, 976 ; Devonian, 998, 
994 ; Carboniferous, 1055 ; Permian, 1076 ; 
Triaa, 1099 ; Jurassic, 1165 ; CrstaceouSi 
1205 ; Eocene, 1239; Miocene, 1268 ; 
Pliocene, 1293 ; glacistiou in, 1388 
AusweichungscUvage, 69i 
! Attthigenio, ^0 
! Autodaatiq, 683 
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Lutomorphic, 89, 151 
Lntanian (Permian), 1059 
Luvergne, literature of volcanic geology of, 
280 ; peperiteof, 176, 751, 1264 ; volcanic 
phenomena of, 268 ; old fumarolei of, 
269 ; no historic eruptions in, 278, 280 ; 
auocessive eruptions of, 281 ; breached 
%ones of, 297 ; lava -dammed lakes of, 
308 : freshiiesn of some lavas in, 310 ; 
trachyte -puys of, 323, 329, 330, 842, 
761 ; crater-lakes of, 325 ; tuff cones or 
puys of, 327* ; hydrocarbons associated 
with peperites in, 357 ; Oligocene lakes 
of, 1254 ; volcanic action begun in Oligo- 
cene time in, 1254 ; former glaciers in, 
1308, 1336 
Avalanches, 493,534 
Avelhna, 1170 

Aviciiln, 986, 1078, 1088, 1095*, 1116, 
1231, 1282 

Avicultt- contorts -zone, 842, 1094, 1096, 
1101, 1106 

Aviodopeclen, 969, 986, 1021*, 1022, 1078 
Axinu/i, 1256 
Axiolitic, 132 

Aymcstry Limestone, 953, 960 
Azo-humic acid, 598, 599 
Azoic rocks, 861, 867 
Azores, 334, 341, 347 

B ibylon, growth of dttst an<l soil at, 438 
“ Backs ’’ or strike-joints, 660 
Bacteria, liberation of sulpbnr by, 579 ; 
nitritlcation by, 599 ; in ttic prmhiction of 
()eat, Ac., 606 
Badnleji, 986, 1103 
Baculile^, 1170* ; extinction of, 1222 
Bad Unds, 464*, 465 
BadiUUes, 1089 
Bagarius, 1298 
Baggy Group, 989 
Bogsliot Series, 1229, 1232 
Baiera^ 1065, 1086, 1112, 1165 
Bnirdia, 941, 985, 1023, 1031, 1135 
Bajocian Grou]), 1131, 1139, 1150 
Bajuvarian Series, 1106 
Bahamas, seolian rocks of, 161 ; recent up- 
rise of, 381 

Bakevdlia, 1066, 1067* 

Bala Group, 945, 947 
BaUt^iiopUra^ 12M 
Btdanophyllia, 1257 
BalanuSy 1250 
Balaton Lake, 518 
Balatoniaii Group. 1106 
Bdl(Uonite.», 109^ 

Baltic Sea, variations in level of, 43, 377, 
380; lagoons of, 513; Cambrian rocks 
. around, 924 ; Silurian system in basin of, 
966 ; Pleistocene history of, 1332 
Baltimorite, 105^ 

BambanagUe^ 1 107 
Bamboo, foMil, 1276 
Banakite, 228. 236 


Banded stmrtnre, 181, 232 , 245 , 255 , 711, 
788, 869, 884 
Bankiia, 1262 
Bannisdale i‘'lag^ 964 
BaplanodoHy 1126 
Baptanodou Beds, 1159 
BaptoMvrus^ 1215 

Barluidos, geologi<-al map of, 11 ; upraised 
coral • reefs of, 382 ; upraised modern 
limestone in, 613, 622 
BarixUia, 1331 
Bartiel, fossil, 1287 

Barium, proportion of in outer )>art of 
earth, 88 ; combinations of, 86, 107 
Barnacles, protective iuHnence of, 604 
Barometer, indications of atmospheric con- 
<litions given by, 431, 432 
BtirrandfftrrinuSf 968 
Barnvulia, 945, 946 
Uarreinien, 1197 
Barren Island, 336 
Barrier licefs, 616, 618* 

Bttrrountt, 1166 

Bars along coant-liiies, 56 ; of rivers, 510 
Barton ('lay (Barton ian), 1229, 1288, 1284, 
1240 

Barytes, 107, 165, 814 
Basalt, native iron in, 93 ; gradation of, Into 
olisidian, 1 37 ; gases in, 1 42 ; decomposi- 
tion of, into wacke, 168 ; and allleii rocks 
do8cril)«i, 231 ; characters of, 284* ; 
varieties of, 235 ; analyses of, 239 ; heat 
evolved by, in crushing, 401 ; artiOcial 
production of, 404, 405, 406 ; weathering 
of, 455 ; nund>er of c«i>ic feet of, to one 
ton in air and in sea- water, 568 ; inter* 
calated sheets of, 756, 761, 763 ; persist- 
ence of streams of, 763 ; as a e^nstituent 
of volcanic plateaux, 763 ; contact meta- 
morphism by, 769, 770, 772 ; alteration 
of by contact with coal, 775 
Basalt-glass, 235, 770 

Basaltic structure. Srf Columnar structure 
Basanite, 237 

Basic igneous rocks, caustic iiiHuenoe of, 
776 

Hastite, 102, 105 

Bath, anniinl discharge of mineral matter by 
warm springs at, 477 

Bathonian Group, 1131, 1140, 11.50, 1168, 

1160, r. 6 i 

Bath-stone, 1140 
Bathifop$is, 1243 
Bathyopsis Beds, 1243 
Bathyurwt^ 93,3, 978 
BalilUii^ 1238, 1250 
Balorrimu, 1022 
fkUolUeM, 1169* 

Bata, early forms of, 1227, 1234. 1237, 1254 
Bauxite, 84, 169M86 • 

Bavaria, geologial maps of, 9 ; pfe*(to* 
brian rocks of, 901 ; IViaasic, 1(^8 ; 
Jiirasric, 1155 ; Cretaceous, 1205 ; Eocene^ 
1239 ,*glaciati^ of, 1838 
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JbtariUd, 922 
Mayans 1288, 1858 
B»7*,56 

Bdkcb, nature and origin of a, 383, 657* ; 
depoaiti of; 580 

Beaches, Raised, 29, 388*, 1325*. 1331, 
1845 ; abundant in higher latitudes, 384* ; 
' formed daring pauses in -the emergence of 
land, 1824 
BtaniUt 1112 

Bear Island, Old Red Sandstone in, 1012 
Bears, fossil, 1264, 1278, 1287, 1355, 1356 
Beaufort Beds (South Africa), 1080 
Beaver, geological influence of, 601 ; fossil, 
1249, 1254, 1268, 1271, 1278, 1287, 1856 
Bed, definition of, 635, 860 
Bedded structure, 136 
Beildifl^, forms of, 634. 

Beds or Assise, 860 

Beech, fossil, 1165, 1210, 1224, 1287 

Bela, 1286 

BeUmnitdla, 1172*, 1173 
Belemnitella mucronata. Zone of, 1132, 1193, 
1201 

BdtwMiu, 1120, 1137, 1173 
Belemnites brunsvicen.sis, Zone of, 1182, 1184 
— — jaculum. Zone of, 1182, 1183, 1184 

lateralis. Zone of, 1182, 1183, 1184 

minimus, Zone of, 1182, 1184] 

Re^mnomnus, 1022 

Belemnoids, development of, in Mesozoic 
time, 1088, 1088, 1118 ; declined in 
Cretaceous time, 1118 ; stratigraphical 
value of, 1119 ; disappearance of, 1171, 
1222 

Bele}moietUhis, 1173 

Belgium, geological maps of, 9 ; whet-slates 
of, 171 ; traces of Hubsideuce and re- 
elevation of coast of, 608 ; great over- 
thrust fault in, 693, 1370 ; metamorphism 
of the Ardennes in, 799 ; Cambrian 
system in, 927 ; Silurian, 971 ; Devonian, 
991 ; Carboniferous, 1051 ; Cretaceous, 
1195 ; Eocene, 1234 ; Oligocene, 1255 ; 
Miocene, 1267 ; Pliocene, 1288 ; Pleisto- 
cene, 1387 

BelinurHs, 1012, 1024 
BeUewpiion, 914*, 939 •, 940, 986. 1023, 
1076 

Bellia, 1297 
Belly River Series, 1217 
Modon, 1090 
Bclocems, 986 
Belonites, 148 
Bdonorhynehm, 1109 
Belonoetomifs, 1218 
Seloptera, 123lo 
Beliwepia, 1226 
Beloteuiki*, 1118 
Belvedered^hotter, 1294 
Bembridge Beds, 1250 ^ 

Bekeekeia, 1097 

Bengal, volcanoes of Bay of, 336 


Benthos, 827 
Benton Group, 1216 
Berenicea, 1115, 1168 
Berg, sands of, 1256 
Bering Sea, submarine ertrptiondn, 38di< 
Bermudas, seolian rooks of, 161, 443, 609, 
614 ; recent subsidence of, 444 ; ydnd* , 
borne fauna and flora of, 445 ; r^ ealch 
of, 458 ; mangrove jungles of, 609 
Bemissartian, 1198 
Berwynia, 986 

Berycidse, early forms of, 1173 
Berycopsis, 1178 
Bettongia, 1245 

BeUla, 1267, 1263, 1288, 1304*, 1316 
Btyriekia, 923, 940, 941, 985, 1006, 1023, 
1031 

Biancone, 1156 
Billingsella, 915 
Biotite, 101 

Biotite-olivine-rock, 241 
Birch, Arctic, as evidence of cold climate, 
1288 

Birch, fossil, 1271, 1276, 1287 
Birds, supposed earliest forms of, 1090 ; 
oldest known, 1127* ; Cretaceous, 1175, 
1177*, 1178*, 1208 ; Tertiary, 1226, 1248, 
1264, 1287, 1295 
** Birikalk of Norway, 900 
Birkenia, 942 
Birkhiil Shales, 965 
Bwoft, 1287, 1297, 1358 
Bison, geological action of, 604 ; fossil, 
1278, 1287 

Bithinia, 1202, 1253, 1287, 1333 
Bithynellu. 1287 
Bitter spar, 107 
Bitter waters, 472 
Bittium, 1272 
Bituminous odour, 140 
Block as a tint of rocks, 139 
Blackband ironstone, 187 
Blackdown Beds, 1189 
Blackheath Beds, 1229, 1230 
Black Sea, large proportion of sulphuretted 
hydrogen in water of, 47, 628 ; delta of 
Danube in, 516, 517 ; tides in, 556 
Blanco Stage (Pliocene), 1299 
Blapndiuuu 1141 

Blastoids as characteristic fossils, 887 ; primi* 
live forms of, 988 ; increase of in Devonian 
time, 984 ; maximum development of, 
1021 ; extinction of, 1082 
Blattina, 1073, 1138, 1278 
Bleaching in contact metamorphism, 768 
Blocks, erratic. See Erra/fo Blocka 
Blocks, volcanic, 172. 275, 754, 766* 
Blood-rain, 444 

Blown sand, varieties ot 161, origin of, 440 
Blow-pipe tests for minerals^ 118 
Blue, aa a colour of rocks, 189 
Blue muds of sea-bottom, 601 
Boar, WUd, fdbsil, 1287, m2, 1287, 1S05 
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Bogheid» 184, 1018, 1028, 1075 
B6g>in>D^re, 98, 187, 194, 612, 812 
B<^or Badx, 1229, 1231 
Bogoslof, a submarine volcano, 333 
Bogs, 658 • 

Bohemia, geological maps of,9 ; pre-Cainbriaii 
rocks of^ 901 ; Cambrian, 928 ; Stiunan, 
978 ; Devonian, 993 ; CarboniferoiiH, 1055 ; j 
Permian, 1068, h074 { 

Bohnerz, 187, 194 | 

Bojan gneiss, 901 * j 

Bolderian Stage, 1267, 1289 
BoUia, 979 

Boiotlon^ 1 128 I 

Bombs, volcanic, 172, 274 
Bone-beds, 181, 627, 1039. 1094, 1095 
Bone-caves, formation of, 478 ; preservation 
of animal remains in, 827. See uho umfer 
Fissures 

Bononian, 1148, 1149, 1157 
Boiichoerua, 1273 
Boom, Clay of, 1255 

Boracic acid at fumaroles, 269, 314 ) 

Borax lakes, ,525 ! 

Boretnion, 1217 ! 

BoreUh 1240 ' 

Bores, tidal, 557 ! 

Boricky’s method of rock analysis 118 i 

Boruut^ 1036 

Borolauite, 222, 223 ; 

Boron at volcanic vents, 269, 3H ; as a | 

mineralising agent, 41.5, 809 ; in brine- ] 

spring. 472 
Jiorophagun, 1299 
Borscale, 93 

Bos, 1293, 1297, 1338, 1358 
Bosel((phM, 1297 
Bosnia, geological maps of, 9 
Bosnian Group, 1106 

Bosses, structure and origin of, 722 ; of 
granite, 723 ; of other rtarks than granite, 

730 ; effects of, on contiguous rocks. 730, 
767 ; influence of contiguous ropks on, 
731 ; connection of, with volcanic action, 
731 ; association of, with crystalline schists, 

731 

Bostonite, 219, 220 

Bothnia, Gulf of, change of level in, 377, 
880, 887 ; glaciation of, 1332 
BUkriocidaris, 939 
BoBmoUpis, 998, 1005 
Boihrioiondylvis, 1145 
BoUvroAendron, 991, 1002, 1028 
B^rdcddM, 1273 

Bottom-ice, 189 I 

BUUmurw^ 1217 • j 

Boulder- beds, 118, 249, 250, 891, 1057, \ 
1058, 1059, 1079, 1239 
Bonlder-clay, 169, 547, 656, 1309, 1381 ; 

rocim contorted, under, 548, 609, 1309 
Boulders in Gaiboniferons system, 1016 ; in 
Chalk, 1163 ^^Bocene, 1239 
BottrtMm. lale of 297, 823, 386» 339 
JBtmrgudiOi 1186 


Bmtyuttiermtu, 1168 

Bournemouth, lei^-beda of, 1229, 1232 

Bovey Tracey, lignites of, 1229, 1233* 

1251 

Bowen Formation (Queensland), 1068 
Bowlingite, 105 
“Box-stones’* (Pliocene). 1281 
Bracheux, Sables de, 1235 
Brachiopoiia, evolution of, 847 ; earliest 
forms of, 914*, 91.5 ; maximum develop- 
niimt of. 939, 98.5 ; waning of, 1022, 1088, 
1115 

Hrathymetnpun, lil23 
Jtraeh i/inyfit.t, 1144 
Braehi/ojut, 1079 

liracht/phiillum, 1059, 1086, 1133 
Brackieshain ik'ds, 1229, 1232 
Bradford (’lay. 1138, 1140, 1142 
Bralimaitian Stage, 1106 
Bramniherhun, 1278 
Briimhiostifintx, 1068 
Bronci>et-eaH, 986 
Brandschieler, 184 
Brauns' aobitioii. 115 

Brazil, depth of weathered rock in, 458 ; 

operations of ants in, 628 
Breakers, 561, 567 * 

Breaks in the auccession of organic remains, 
842, 857 

Breccia, 113, 163, 173, 627; osHeoiia, 181, 
627. 1094, 1237. 1266 
Brec»*iat«‘d structure, 135 
Ilretfuia, 1272 
Brick -clay, 168 

Brick -earth, 161. 460; as a Palieolithio 
de)M>Hit, 13.50 
Bmlger Group, 1213 
Brienz, Lake of, >'^’1^ ^ 

Brine springs, 451, 472 

•* Brioverian System " (pre- Cambrian), 901 

Hriswjmeustfji, 1 208 

Brinaopsi*, 1269 

Britain, geological maps of, 8 ; Carliouifcr- 
oils volconic history of, 174, 175, 275, 
281, 292, 327, 348, 765*.758, 783, 1040, 
1041, 1043, 1045; pitchstones of, 149, 
216; trachytes and phonolites of, 226, 
348 ; andesites of, 230, 348 ; baHalta of, 
2-3.5 ; foliateil serjamtine of, 242 ; Per- 
mian volcanic history of, 276, 276, 279, 
281, 292, 348, 751, 781, 1070; Tertiary 
volcanic history of, 281, 84.5, 348, 361, 

1252 ; fall of volcanic dust on, from Ice- 
land, 295 ; granophyre domes of, 829, 
351 : boHait-plateauz of, 345, 348, 851 ; * 
pre-Cambrian volcanic action In, 848, 891 ; 
system of dykes in, 346, 886^ 1252 ; earth- 
quakes in, 359, 363, 364, 871 ; raised 
beaches of, 385, 512. 1824, 1825*, 1381 ; 
snbmei^ed forests of, 389 ; Qor^»of, 391 ; 
subeidence of cAl- fields in, 399; tand* 
dunes of, 442; landslips of, 480; riiAr 
action in, 483, 484, 486, 487, 489» 490, 
493. 501<9. lowering of mrfhee of by neml- 
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cftl solatioiiy 489$ ri?«r temo«« in, 507, 
1858 ; lagoon barriers in, 513 ; tempera- 
tnre-obiervations in lakes of, 520 ; tides 
in, 558 ; height of waves in, 581 ; measure- 
ments of force of waves in, 561 ; breaker 
action on coasts of, 567, 569, 570*-574 ; 
discoloration of sea around, after rain, 577 ; 
estimated rainfall and annual denudation 
of, 591 ; submarine platform of, 596* ; 
peat-mosses of, 607*, 608* ; isoclinal fold- 
ing in, 676*; overthrust faults in, 691. 
692, 793*, 892* ; petrographical volcanic 
province in, 707 ; sequence of petrographi- 
cal types in, 709 ; granite bosses of, 726*, 
730*, 778 ; granitisation in, 729 ; sills of, 
783*, 785*, 737* ; eruptive veins in, 738*; 
dykes in, 743-747 ; volcanic necks in, 
74#^f, 761* ; occurrence of “white-trap” 
in, 775 ; contact metamorphism in, 768, 
769, 770, 772, 773, 776, 778 ; regional 
metamorphism in, 792 ; age of youngest 
Highland granites of, 797 *, latest plication 
of Highlands of, 707, 9,52 ; mining dis- 
tricts of, 816 ; history of the present 
fauna and Hora of, 840 
Britain, pre-Cambrian rocks of, 882 ; Cant- 
brian series in, 910 ; Hilurian, 942, 945 ; 
Devonian, 988 ; Carboniferous, 1038 ; Per- 
mian, 1069 ; Trias, 1090, 1091 ; Jurassic, 
1131 ; Cretaceous, 1180; Eocene, 1229; 
Oligoceiie, 1249 ; volcanic plateau of Ter- 
tiary age, 1252 ; no Miocene de(K>sits 
known in, 1266 ; Pliocene, 1280 ; great 
uplift of south of, since Pliocene time, 
1282; glaciation of, 1302, 1306- 1307, 
1321, 1328 ; Recent or post-glacial scries 
in. 1358 

Brockram, 1070, 1092 
Brodia, 1032 

Bromine at volcanic vents, 269 
Bronsil Grey Shales, 923 
Brontrus, 952, 974, 983*, 985 
Brontops, 1249 
BroniomHrus, 1125 

Bronze section of Prehistoric Period, 1347 

Bronzite, 102 

Brookite, 85 

Brooks and Rivers, 481 

BroohtfiUi^ 912 

Brown as a colour of rocks, 189 
Drown coal, 182 

Brown Coal (Oligocene), 1256, 1257 
Bmxellian, 1234, 1237 
Bryograptusy 923, 949 
firyozoa. Polyzoa 

Bryum, 1315 ; as a former of oalc-sinter, 
611 * 

Bii5o, 1254 
Bwapra, 1297 
BimcinqfWtM, 1285 

BweetHstm, 1187, 1253. lidS, 1277, 1383 
1213 

BueAite, 1089 
Buckthorn, /ossil, 1165, \27« 


Buhrstone, 166 

Bnildlng-stones, works on, 7 ; weathering 
of, 454 

Bvlimi-na, 1166 

Btdimua, 1202, 1238, 1297, 1352 , 

Bunuislwst 965 

Bun«hiru^, 1249 

BUiidnerschiefer, 802, 1099, 1873 

liunomeryx, 1248 e 

Hunter (Trias), 1091, 1092, 1097, 1102 

Buprestts, 1141 

JiuprexlUes^ 1133 

Burdigalian Stage, 1267, 1270, 1271 
Burlington Group, 1061, 1062 
Burrum Formation (Queensland), 1161 
Buttercup, fossil, 1276 
Buttes, 437, 465, 1387 
liyssacauthiis, 987 
Jtythneypris, 1031 
BythojHtra, 939 
Bythotrepins, 936, 984 

Cactus, fossil, 1224 

Caddis- worm, fossil, 825 ; limestones formed 
by, 1254 
Cadoi'mis, 1143 
Cadomdla, 1116*, 1136 
Cmlitrrothertnin, 1249 
Caen Stone, 1150 
(yH'nopitftenis, 1227, 1234 
Vtf'notherium, 1234, 1254, 1268 
OrsnJpDia, 1232 

Cnffer cat iii Pnlmolithie time, 1353 
Caillass**s (Kocene), 1236 
Caiuozoie or Tertiary, H61, 1219 
Cafauutes, 1004, 1012, 1019, 1026, 1065, 
1085, 1103 
Cnhnnifiiin, 1065 
Calamodadii.t, 1002, 1028 
Cafamiideititron, 1019, 1028, 1066, 1076 
Calnuudim, 1243 
Va/ninophyflia, J0S6 
(^alamojiiti/s, 1028 
('a{amo.shirJiifx, 1028 

(■afaprnn, 937 
Cidalkiimt, 920 

Calaveras skull, disrussion regarding, 1361 
iJalcaire Grossier, 1236 
Calcapliaiiitu, 233 
Calcareous, dehiied, 137 

rocks of organic origin, 176, 605, 611, 

612-624 

Calcareous Grit, 1131, 1142 
Valmrina^ 1166 
Caleeocrinwt 938, 984 
Cufeeota, 984, 985* O 
Calcite, 91, 99, 106 ; more durable than 
aragonite, 106, 155, 177, 613 ; ready 
cleavage of, 113 ; concretionary forms o( 
135 ; as a petrifying agent, 474, 831 ; as 
a constituent of inve^tebnte skeletons, 
830. See alto under Caloi^m-caibonate. 
'^alciferous Ofonp, 978 
dciferous Sandstone Series, 1042 
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Okleiain, proportion of, in outer purl of 
e&rth, 88 ; corobioutions of, 85 
CSalciiim-carbonate in sea-water, 46 ; wide 
diffusion of, 85 ; mineral forms of, 106 ; 
detei^lon of, in rocks, 117 ; cycle of trans- 
port of, 156 ; inAItrated into calcareous 
rocks imparts to them a crvstalliue stnic- 
tuft, 156, 176, 178, 188, 444, 474, 475 ; 
deposits of, I76i 190, 446 ; abundantly 
infiltrated into rocks, 428 ; decoin itosing 
influence df, 470 ; solufulity of, 471 ; as 
a petrifying medium, 474 ; wide diffusion 
of, among rocks, as a proof of alteration, 
474 : in spring waters, 470, 471 ; in 
rivers, 488, 489 ; precipitation of. in salt 
lakes, 530. 531 ; precipitation of, in tbe 
sea, 579 ; precipitation of, liy plants, 005. 
611 ; precipitation of, i>y animals, 612; 
]>ossible source of, from tlie gypsum of sea- 
water, 613 ; in mineral veins, 81 i 
Calcium - phosphate, 86, 107, 177, 188, 
626, 830 

Culcium-Hiilphate in sea- water, 46 ; in tbe 
eartli’s crust, 86 : alteration of, to native 
sulpbur, 92 ; mineral forms of. 107 ; in 
river water, 488 ; promotes precipitation 
of mud, 492. *8<r als,i Anhydrite <ni(i 

Gypsum 

Calcium-sulphide, 93, 4r)l 
Calcination in contact iiielamoiphiMu, 770 
Calc-sinter, 191, 476, 60.'), 611 
Calderas. 290, 324, 326, 33.5 
CaUsloriian direction of plication in Kurope, 
394 

Callifirrma, 1168 
Valbostoma, 1277 
Cdllipteruiiuin, 1035, lOSO 
CaUiplrris, lOO.*) 

Calf tin's, 1223, 1253 
Cvdh^nathns, 988 
CkUiograplm, 977 
Collopma, 939 
CaJlopristOilus, 1043 

Callovian, 1142, 1149, 1153, 1156, 11.57. 
1168, 1160' 

Caliictras, 1133, 1134* 

Caloceras raricostalum, Zone of, 1133 
Caloosahatchie Group, 1298 
Calostylis, 937 ■ 

Calymntt, 941*, 958, 985 
Calymmatothfca, 1026* 

Calyptograptus, 955 
Calyptrtea, 1231 
Camtnphf^, 986, 1066 
(kmarotpira, 986 
Camarotachia, 956,1^91 
Cambriaai system, history of name of, 862, 
909, 916; phosphatic nodules in, 180; 
glauconitic deposits in, 181 ; volcanic 
phenomena of, 818, 348, 761, 910, 916 
927 ; stratigr#hlcal relations of, to pre- 
Cambrian n^s, 793*, 862; general 
characters of, 908 ; rocks of,^9 ; fossils 
of, 910; threefold subdivision of, 916; 


in BriUiu, 793*, 888, 915 ; in Scandi- 
navia and basin of Baltic, 924 ; in France 
and Belgium, 927 ; in Spain and Portugal, 
928 ; in Bohemia, 928 ; in Poland, etc., 
929 ; in North America, 929 ; iu South 
America, 932; in China, 932; in India, 
933 ; in Australasia, 933 
Cambridge Greensand, 1175. 1182. 1188 
t^melida*, evolution of the, 847 
CamdopaMis, 1296. 1297 
Camels, fossil, 1249, 1278. 1317 
Camdus, 1297 
('am|»agna, Roman, 1292 
Campanieii, 1196, 1201 
f'anijmnite, 1225* 

Campinian Hands, 1337 
Camjytmtits, 1179 
Camptonite, 224, 225 

Iktmpfi.ptfris, 1(1S*8 
( 'amptnm n ms. 1144 

Canada, goologu al maps of, 10 ; deforma- 
lion of Iniid-suvfai'e in, 881, 387 ; rivers of, 
49H ; great lakes of, ,519. 523* ; frozen lakes 
and iiveis of, .532, 533 ; pre Cambnan 
riH-ks of, 868, 876, 879, 902. 930; 
Silurian, 977 ; Devonian, 997 : Did lltnl 
.Sandstone, 1013 ; Carbon iferoms, 1061 ; 
’Prias, 1109; CrctaceouH, 1210, 1216; 
Glig<M-ene, 1260 ; glaciation of, 1302, 
1307, 1340. 1314 
Canary Islands, 326, 341, 347 
Caiavlfana, 1226, 1248. 1263 
f 'anedhphyats, 1 1 .51 
CaiH'iinite, 221 

Cammartfs, 12tt9 

r,nns, 1287, 1297, 1336 
Cnnnel (Parrot) coal, 184 
Cannon-shot gia\el. 1323 
Cafnms, .504. 1,382*, 1383, Front isjnecc* 
Ca)M* Colon), pre-Cainbriim lo'ks m, 905; 
Carboniferous, 1056 ; IVnnian, 1079 | 
'lYios, 1109 

CajM> Kairweallier Beils, 1274 
Caiwicnilzie, bones of, in sliell inomids, 
1360 

CajM* Venlc Islands 341, 347 
< 'a pi tosif u ms, 1097 
t'apro, 1297 
thprmlHs, 1293, 1358 
f’ajrrttia, 1170, 1212 
Vnprinula, 1170 
Caprotmn, 1170 
f'apulits, 986 
Caradoc Group, 94.5, 947 
Carbides, jiossible sources of bydrocaibons 
and of graphite in earth’s crust, 86, 270, 
318, 879; jiossihlc connettloii of, with 
some volcanic phcnonieiui, 270, 357 
CartM>ii, pro{K)rtioii of, in outer part of 
earth, 83 ; fundAmental elemefth of or- 
ganic life, 86 ; oftiibinations of, 86 ; on- 
combined, or native, in rocks, 91 • 

Carbon-monoxide in rocks, 86, 142 
CarbonaceiAi, defing^, 137 ; depo|i^ l8l 




Oubo&M (mining term), 819 
CurbonntM, 106, 117, 168; alkaline, de- 
eompoeing power of, 414, 470, 509 ; for* 
matioD of, by rain, 462 ; by nndergronnd 
water, 473 ; by the sea, 666 ; by organic 
acids, 699 

Carbon-dioxide (carbonic acid^ in the atmo- 
sphere, 86, 449, 1019 ; in sea-water, 46 ; 
composition of, 86 ; solubility of, 86, 449 ; 
in rocks, 86, 106, 142, 143 ; at volcanic 
vents, 268, 813, 314, 857, 469 ; at mud 
volcanoes, 318 ; in coal-mines, 427 ; in 
rain, 449, 450 ; solvent power of, 451 ; in 
soil, 460, 469 ; removal of, from atmo- 
sphere by plants, 597 ; geological action 
of, possibly often initiated by oiganic 
acids, 598 ; supposed former greater 
anacunt of, in atmosphere, 35, 1019 ; varia- 
tions in amount of ntmoKpheric, invoketl 
to explain changes of climate, 1327 
CarbmiOy 1031 

Carbonicola, 1023, 1031, 1077 
Carboniferous Limestone, conditions of de- 
posit of, 652, 657 ; volcanic zones in, 
755 : fossils of, 1025 ; description of, 
1039 

Carboniferous Slate, 1046 
Carboniferous System, volcanic phenomena 
in, 348, 75.'’>*-768, 763, 101,5, 1040, 1041, 
1043, 1045, 1046, 1047, 1058, 1061 ; re- 
appearance of organisms from lower hori- 
sons in, 856 ; detailed account of, 1014 ; 
rocks forming, 1014 ; two phases of sedi- 
mentation ill, 1014 ; origin of coal of, 
1017 ; marine fauna of, 1020 ; flora of, 
1025 ; supposed proofs of glaciatidn in, 
1050, 1057, 1059; in Europe, 1037, 
1061 ; in Britain, 1038 ; in Africa, 1066 ; 
in Asia, 1057 ; in Australasia, 1058 
CarchanUsn, 1298 

Carcharoilon, 1242, 1256, 1269, 1289 
Cartiiaster, 1168 

Cardiaster fossarius, Zone of, 1182, 1189 
Vanlinia^ 1116 
Cardiocarjnis, 1028, 1031* 

CardiocerM, 1119, 1142, 1146 
Cardioceras alternans. Zone of, 1145 

cordatum, Zone of, 1142 

Cardittdon, 1142 
Vardiola^ 947, 962*, 986 
Cardioptfris, 1012, 1086 
Oirrft/rt, 1088, 1237, 1257, 1263, 1264*, 
1277 

Cardium, 1088, 1116, 1169, 1226*, 1248, 
1263, 1277, 1331 
Careiitonien, 1196, 1200 
Corinthian St^ge (Trias), 1101, 1103, 1106 
OnriocarUt 949 
Camallite, 108, 190, 1074 
CarnlvoM evolution of the, 848; fossil 
forms of, 1226, 1227^1249, 1264, 1265, 
<.1278, 1278, 1297, 1299, 1815, 1817, 1853 
Ourpiiiut, 12M 
OarjtolWmM, 1028, 1075 


Carps, f bw P, 1268 

Carstone (Cretaoeons), 1182, 1184, 1189 
CaryoorinuSt 988 
Oaryomanon, 987 

Caryophyllia, 1167, 1257 m , ® 

Oaryoapongia^ 937 

Caspian Sea, originally a part of the ocean, 
41, 42 ; average depth of, 49 ; oil springe 
of, 185, 319 ; mud v/ilcanoes of, 818 ; 
sand dunes of, 443 ; account of; 627 ; 
salts in water of, 529 
Cassia, 1165, 1232 

Cassian Beds (Trias), 1101, 1102, 1103, 
1106 

Cassianetta, 1088 

Cassidaria, 1231, 1252, 1271, 1288 
Cassis, 1231, 1263, 1283 
Castanea, 1257, 1202 
Castocrinus, 938 
Castar, 1287 
Cat, fossil, 1263, 1278 
Cataclastic structure, 135, 421 
CatatMf*>ns, 1243 
Cntopygm, 1189 
Cntskill Sandstone, 997 
VaUmis, 1122, 1147 
CauHniUs, 1165 

Caulopteris, 997, 1026, 1066, 1086 
Caustic action of igneous rocks, 710, 731, 
776 

Cave-bear, 1355, 1358 

Cave-men (Palsrolithic), ]>ro1>ab]o life of, 
1355 ; carvings and frescoes by, 1355 
Cavernous structure, 183 
Caverns, earthquakes caused by collapse of 
roofs of, 369, 479 ; evidence of upheaval 
from sea-worn, 383 ; formation of, in cal- 
careous rocks by solution, 477* ; preser- 
vation of animal remains in, 827 ; con- 
taining Palajolithic deposits, 1850 ; with 
Neolithic remains, 1358, 1359 
Cavities, liquid and gas-fllled, in crystals, 
142, 410 

CdxKhoeras, 1234, 1266 
Celestiue, 86 ' 

Cellaria, 1168 
Cdhjma, 1246, 1274 
Cellular structure, 133 
Cellulose, 830 
Cdtitts, 1089 

Cementing materials of sedimentary rocks, 
160, 164, 416 
Cement-stone, 101 

Cement-stone Group (Scotland), 1042 
Cenomanian, 1182, 1189, 1194, 1196, 1200, 
1203, 1206, 1207 f 
Cei^rocsras, 986 
Centrandla, 986 
Cephalaspis, 942, 1004*. 1006 
Cephaliies, 1167 
C^alogs^ 1254 « 

Cqthalcgraptus, 968 ** .. 

Cephalonia, (i sea-mills" oi; 864 
Cephalopo^ pah5ontologi<^ vslne of, 887 
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1118 ; eTolution of ih«, 846 ; 
fsrli^ forms of, 914*, 915 ; contrast 
between Palaozolc and Mesozoic, 1082 ; 
reached their climax in Triassic time, 1088 ; | 
began ^ wan^in Jurassic time, 1118; 
Cmtacecus types of, 1171 I 

CephalotJuea, 1012 | 

C^tncftordla, 939 \ 

Ceratioearis, 922, 94^ 941, 958*, 1024 I 

Ceratites, 1087* 

Ceratitoids, characteristic of the early 
Mesozoic ages, 1083 
CeratogaiUust 1273 
Ceratop*^ 1176 
Ceratops Beds, 1244 
OenUopyge, 922 

Ceratopyge Limestone, 968, 969 
Ceratodus, 1005, 1089, 1041 
Ceratomurua^ 1 126 , 

Ceriopora^ 1115, 1189 I 

Ceritkium^ 1117, 1170, 1225*, 1248, 1263, j 
1300 

Cerithium Stage (Vienna basin), 1268 
CeromyiL, 1140 

Cenma, 1268, 1285, 1297, 1355 
Cetacea, fossil, 1261 
Cetioaaurus^ 1125, 1145 
Chabasite, 104 

Chfeiet€a, 1021 i 

Chalcedony, 89, 831 | 

Chalieothtrium, 1249, 1265, 1297 I 

Chalk, 155*, 179 ; phosphatic, 187, 627 ; } 
absorbent power of, 410 ; alteration of, | 
into marble, 722 ; comjiosition au<l origin 
of, 1162 

Chalk, divisions of the, 1182, 1189 
Chalk Marl, 1182, 1190 
Chalk Rock, 1192 
Chalybeate springs, 471, 476 
Chalybite, 107 
ChaiM, 1226, 1283 
Chanuvejfiiaris, 1236 
Chanuerojta, 1231 
Champlain period, 1319, 1341 
OtampaoMnirua, 1217 
Ctufngamiera^ 1206 

Chara^ 524, 525, 605, 611, 1185, 1235, 
1247*. 1270 

Chari Group (India), 1160 
Charmonthian Stage, 1151, 1152 
Ctuumopa {Pkacopa), 967 
Chattahoochee Beils, 1272 
CSiacy Limestone, 978 
C^rOiCatUkiu^ 1005 
Chnrodu*, 1081*, 1032 

(conifer), 1110, 1140 

C^idrxd^pit (tsh), 1005 ^ 

(^romunta^ 1089 

(Mndkeriwn, 1089 

Oetrunw, 922, 940, 941, 985 

CheUean Series, 1349 

Obefoae, 1147, 1178, lt07, 1287 

CSidioinia, appsamfln Mssozoic tine, 1122 

CMydfik 1254 


(!7heroical analysis of rocks, 116 ; synthesis, 
119; sotion, rise of temperature from, 
400 

Chtmyutzin, 1103 
Chemung Grouj\ 997 
Chert, 180, 195, 625, 831, 1015, 1041 
Chosa}«eake Beds, 1272 
Chester Group, 1061, 1062 
Chestuut, fossil, 1224. 1294 
Clievrotaius, fossil, 1249 
Chiastollte, 103, 428, 779 
Chiastolite-slate or schist, 248, 779, 780 
Chu'ago, future submergence of, 387 
Chickweed, fossil, 1276 
Chidra Group (India). 1079 
Chilled edges of intrusive rocks, 728, 782, 
735, 739, 745, 747 
Chiumra, 1255 
Chiuuerohls fossil, 9S8, 990 
ChiinWazo, 324, 329 

Chinn, geolbgical map of part of, 10 ; »lust- 
drift oi, 439; loess of, 439; pre-tJanibrian 
rocks of, 906 ; pre- Palaeozoic erosion in. 
908; Cambrian, 932 ; Silurian, 979 ; 
Devonian, 996; Carbon iferons, 1057 
China-clay, 105 
(%inne, li>16, 1245, 1299 
Chipola Beils, 1272 
('ll I tar, 1243 
Chitin, 830 
f ’ll it ill, 1297 
Chlamya, 1169 

Chlorides, 108 ; in solution in brine -springs, 


472 

Chlorine, proportion of, in outer part of 
earth, 83 ; combinations of, 87. 108 ; at 
solcanic vents, 269, 307 ; infiuence of. in 
crystallisation of rficks, 407, 415 
('hlorite, 105, 474 
Chlonte schist, 253 
Chloritic Marl, 1182, 1188, 1190 
Chloritisation, 791 
Chloritoid, 105 
(’liiHinoma-i, 910 
Chirropitamus. 1234, 1251, 1267 

( 'lurromfrnta, 1234 
Choiidrcs (cosmic dust), 584 
f’lumtlritn, 927, 936, 981, 1258 
ciw/irfra, 939. 986, 1022, 1066 


'hiuieh'iia, 1060 
'hvnoairophin, 986 
thorimafrmt, 1141 
'hnriatiicfraa, 1089 
Ihrinrua^ 1243 
Christiania period,” 1319 
ihristmas Island (Indian Ocean), 386, 388, 
341,622, 626, 791 
hromite, 97 

liromluro, proportton of, in outer of 
earth, 83 ; combinations of, 87 
'thrytiekthys, 1298 % 

Ihryaodomua, 1277, 1280*. 1286* 

3irysoUte, 102 
3iryiot»o, Itf , 242 
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Chuaria, 906 

Cidaris, 1087, 1108, 1116*, 1168, 1271 
Ciininite, 228 
CHnu)Uite», 1179 
Ci^noliehthyn^ 1173 
Cimotifuaiirw, 1141, 1176, 1246 
Omolodon^ 1179 
Cimolomya, 1179 
Giuder Cotie, Califoniia, 846 
Oinnaifunnum, 1164*, 1230, 1247, 1262*, 
1276, 1292 
Cutnodout 1217 
Cipollino, 192, 261 
Cirques or Corries, 1387 
CmAm, 1262 

Citric acid, use of, in rock examluation, 117 

Civet, fossil, 1249 

CIMiaciteSf 1089 

Clad incus, 1036 

Claduchonus, 1021 

Cladoq/clus, 1173 

Cladodns, 1024, 1025 

Cladophlehis, 1085, 1112, 1185 

CUtdophyllia, 1154 

Ctadopom, 937 

Cludoselnche, 988 

CladytHlun, 1089 

Clmunim, 1243 

Clailwnie Beds, J 242 

Claosaunis, 1177 

Clnrins, 1298 

Clastic structnie, 135, 150, 154, 155* 

Clastic Hocks, characters of, 113 
(yiathrodirtt/m, 984 
Clathropteris, 1085, 1133 
Chtusilia, 1238, 1293, 1352 
Gland ithcs, 1226* 

Clay, 98 ; search for fossils in, 853 
Clny-ironstone, 107, 187, 195, 847, 1016 
Clay-rocks, 167, 169, 247 
Clay-slate, 170, 217, 125 ; “needles" of, 
171, 773, 792 ; metals found in, 809 
Cleavaf^e, Cleaved structure, 134, 170, 417*, 
418*, 420* ; in large inaHses of rock, 684 ; 
relation of, to foliation, 686 
Clcidophorus, 948* 

CUithwlepis, 1109 
Clmlom, 1271 
Clcjuiydrajn, 1069 
Clulastcs, 1215 
Clitr-debris, 160, 164 
Climacammina, 1020 
CUnuwHjrapUis, 938, 946, 947 
Climate, alTected by the amount of carbon 
dioxide in the air, 36 ; influence of sea on, 
565 ; indicated by fossils, 834, 853, 943, 
944, lOlV; 1129, 1222, 1276; distribution 
of, in Jurassic time, 1129; in Tertiary 
time, 1222, 1232, 1271 ; gnalual refrl- 
ger«t5ou of, in late Tertiary time, 1276, 
1278, 1288, 1293, #401, 1325 
1007 

Clinlcstone, 226 
Clinochlore, 106 


Clinochlore*8chist, 263 
Clinometer, 668* 

Clinton Oroup, 977 
Glionites, 1107 
Clisiophyllum, 1021 
Clitambonites, 932, 940 
Olonocrinua, 944 

CUmograptus, 932, 946, 949 " 

Cloud^ formation of, 4^ 

Clupea, 1207 

Clupeidte, early forms of, 1173, 1207 
Clyde Beda 1830 
GlydonautUus, 1088 
Clyjieaster, 1245, 1267 
Clypeus, 1115 

Clymenoids and Clymenia, 986 
Gl ymcnoymutdus, 1088 
Coal, characters of, 182 ; varieties of, 183* ; 
analyses of, 184 ; effects of destructive 
«Iistillation of, 318; not materially affected 
by being depressed 8000 or 10,000 feet, 
3!*9 ; formation of, from vegetable matter, 
427 ; numW of cubic feet to a ton of, in 
air and in sea-water, 568 ; channels of 
contemporaneous origin in, 639 ; usually 
' associated with fireclay or shale, 650* ; 
j ])crsistence of seams of, 651 ; joints in, 660 ; 

I made columnar by contact metantorphism, 

I 769*, 770; mode of occurrence of, 1016; 

' origin of, 1017, 1018, 1026 
j Coal-dust, effect of ]»ressure on, 417 
! Coal-nieasures, 1047 ft seq, 

I (Joal-swamps, puleeoutology of the, 1025 
Coast-lines, 54 
j Coblen/im, 992 
Gbus, 1297 

Coccoiite, 102 

(hrcostciis, 987, 988, 1004* 

Cm'hliodm, 1024 
Cochhyceros, 1089 
Cockroaches, fossil, 1032, 1033 
Cod, fos,sil, 1258, 1285 
Vnlaster, 984, 1022 
Cir/ acanthus, 1025 

Copleiiteruta, relative palseontological value 
of, 832 

Galocicas, 1139 
(^ododvs, 1192 
Gfclnnaulitus, 1023 
Gteloptychinm, 1167 
C\yh)smlia, 1193 
Ca'turus, 1210 

Cesaitfs, 957 
Cxnograjitws, 938 
Gfvnothyris, 1096 

Coking of carl)onaceoif substances in contact 

„ inetamorphiHin, 770 

Gtdeoloidfs, 915 

Cofcidus, 915 

Colloid, 89 

CoUyritea, 1115, 1168 

Colodou, 1249 ‘ 

Colonies, Barrande’s doctrae of; 976 
Colorado Formation, 1214 
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Colorado BiTory dope of, 486 ; gorgei of, 
502 *, 1885 ; sections of csAon (rf, 1882* ; 
view of cafton of, Frontispiece* 

Coloration in coutact-inetsinorphisni, 768 
CWorsocAWys, 1297 
CWttatia,*1254 
Columbella, 1284 

ColuHMiar structure, 136, 212, 306, 663, 745, 
751. 768*, 760 ^ 

OUumnopora, 937 
Comanche series, 1212 
Combophjfllwii, 984 
Compact texture, 128, 130, 135 
Composition as a basis for the classiflcatiou 
of igneous rocks, 199 

Compression, effects of, on rocks, 415, 429, 
681, 685 
Compaemys^ 1214 
C<»tipaognathu.s, 1125 
Comstock IxKie, 811 
Oonacodon^ 1243 
Conchieolilea, 939 
Conchodua, 1011 
Conchoidal fiacture, 138 
Concretions and concretionary structure, 91, 
136, 206, 585, 646 
Condrusien, 991 

Cone*in-coue structure, 421, 648 
Coneiuaugh Series, 1061 
Cones de dejeetjou, 505* 

Cones, volcanic, 263, 264, 265*, 266*, 29<i*, 
297*, 320*, 322, 327*. 330*, 331*, 333. 
840*, 842*, 345 ; demnlatiou of, 322, 
332, 333, 334, 339; growth of sub- 
oceanic, 341 
Conforniability, 820* 

Con/vaaatnvit, 1154 
Congeria^ 1263, 1285*, 1293, 1294 
Cougeria Stage, 1293, 1294 
Conglomerate, 113, 135, 163; a.sho«ialcd 
with sandstone rather than shale, 650; 
local nature of, 651* ; volcanic, 173, 276 ; 
schistose, 250 ; deforinati<m ol fKjbbles of, 
419 ; pre-Canibriau, 899, 900 
Conglomeratic structure, 135 
Coniacieu, 1196, 1201 

Conifers, fossil, 1002, 1029, 1066, 108.i, 
1086*, 1113, 1165, 1223, 1247* 
Conioptefia, 1112, 1140 
ObnuMuxitno, 1175 
Conistou GriW and Flags, 964 
— — limestone, 947, 949, 960 
Cbnifes, 1198 

VonocardiuM, 978, 990, 1021 , 1022 
CimoolphalUea, 927 
Oonodypeua, 1168 ^ 

Omoeoryphe^ 912*, 9ll, 941 
Oonodonts, 913, 942 
1283 

OmarydtM^ 1248 

ConsolidatioD, crystals of first and secoml, 
158^, 196 ; of rock% 416, 417, 617, 624 
Cbiideftend, 989# 

Contaet-minerds, 778 


Continents, dbpotitlon of, 47 ; antiquity of, 
47, 397, 586, 829, 1365 ; mean height of. 
48 ; origin of, due to continued uplifts 
along Hues of weakness in earth's crust, 
1366 ; geological evolution ot, 1374 
Contraction of rocks in passing from glass to 
stone, 408 

Cmiulmuxs 914*. 940, 1023*, 1117 
CWM.V, 1170, 1225*, 1263, 12iK) 

Convection -currents of water influence tern- 
lierature of earth's crust, 64 
Coonil>e-rock, 1329 
! Coon Butte, 325 

I Cop(ier-oxidc at volcanic vents, 269 
l^p|>er-chloride at volcanic vents, 307 
Coprohtes, 181, 187, 825 
(kupiina, 614 

Corals with calcite or aragonite skeletmis, 
613 ; earliest known forms of. 912, !m7 ; 
as indicating former conditions of climate, 
943 ; Hiluriau, 948, 957 ; Dovoulsn, 984, 
997 : Carlsmil'crouH, 1017*, 1021 ; Triassic, 
1086 ; extinction of rugose, 1086 ; develop- 
ment of jierforate, 1086 ; Jurassic, 1114*, 
1133, 1144, 1149, 1151, 1156 ; Crelaicous, 
1167 ; Oligooeiie, 1247 
Coral Hag. 1142. 1144 
Coral-reefs, us evnlcnce of upheaval, 382, 621 ; 
as evidence of bubhidcuce, 390, 619 ; most 
vigorous where marine currents are most 
marked, 577 ; literature of, 614 ; condi- 
tions for gnovth oi, 615, 619; com)K)sl- 
tion of the limestone rock Ioi'iiiimI by, 616 , 
623; oolitic Imicxlone fonned on, 617 ; 
Uarwin’s theory of, 618 ; Atoll, 616*, 
UI8*,619 ; Flinging, 618* ; Hamer, 618*. 
619* ; newer views regarding the tlieory 
of, 619; d*j not necessarily pro\c sub- 
sidcncc, 622 ; fosHil, are com pu rati vely 
thill, 623 ; ascertaiiicil thickness of recent 
and IosmI, 623 ; earliest known, 938 
i Coral-rock, 178 

Coralliau Korinalion, 1 1 1 4, 1 1 31 , 1 . 42, 1 144, 

! 1153, 1155, 1156 

CoraUitfphaya, 1283 

i'vi'ailwtn, 1208 

CV<w, 1192 

(UrrfmuUi, 1161, 1209, 1225*, 1248, 1268, 
1284, 1331 

Corbula, 1103, 1187, 1225*, 1250, 1269 
(jiyrhulomya, 1256 

ConiailacejelConlaitales), an early generalised 
1 or synthetic lyiio, 846, 1002, 1028 
: VufdfiiUa, 1002, 1019, 1028, 1066 
Cordierit^ 103 ; in contact-metaniorphisiii, 
, 773, 779 

I Cordevolian Oronp, 1106, ^ 

f (>>rmoranU, fossil, 1264, 1287 
i Cornlmah, 1181, 1187, 1188, 1141, 1142, 
1158 

Gomel, fossil, 1287 % 

ComiferouH limestone, 987, 997 
Conistone, 191 
Cornubianitg 778 






Oomditat 989 
Comity 1248 
ConmiUrmt 1)52 
Oorries or Cirques, 1387 
Oorrosion-zoiie of crysUla In » magma, 141 
Corsite, 188*. 224 
Cortlandtite, 241 

Corundum, 84, 95, 97 ; artificial production 
of, 406, 409, 418, 415 
Cwylus, 1217, 1262 
CorymbocrinuBt 944 
CoryruUOt 1086, 1114, 1166 
Corjptoides, 950 
Ctnyphodon, 1227, 1234, 1248 
Corypbodon Beds, 1248 
Coaeituporat 1167 
Coseguina, eruptions of, 293, 295 
Cuv^ianilc lines, 365 
Coaimeanthua, 1005, 1011 
Cosmic dust, 93 ; exceedingly slow accumula- 
tion of, in ocean abysses, 584* 

Cnamoceraa, 1119, 1142 
CoKiuoueraa oruatum. Zone of, 1142 
Cosmogony and Geology, 13 
Coamoaeria, 1114 
Cosorixj 1273 
Coticule, 172 
Cototteaaler, 1223 

Cotopaxi, volcanic phenomena of, 264, 268, 
270, 277, 284, 285, 292, 293, 310, 312, 322 
Cotton-grass, fossil, 1276 
“ Country,” “ country -rock,” as mining terras, 
812 

Couseranlte, 104 
Contchiching Series, 904 
Crag, Bridlington, 1329 

Chillesford, 1280, 1281, 1286 

Coralline (Bryozoan, White, Suflfolk), 

1280, 1281, 1283 

Fluvio-raarine (Norwich, Mamraalifer- 

ous), 1280, 1281, 1284 
Red (Butley, Newbouru, Oakley. Wal- 
ton), 1280, 1281, 1283 

Scrobioularia, ,1286 

Weybourn, 1280, 1281, 1286 

Cranes, fossil, 1264 
Crartgopsis, 1024 

Omnia, 939, 948*, 985, 1022, 1136 
Cranuoges or lake dwellings, 1360 
Omaaaitlla, 1211, 1282, 1261, 1272, 1298 
OrasaeUellina, 1216 
CmMitherium, 1255 
Crater lakes, 824 

Cratew, lunar, 32 ; of volcanoes, 264, 29 « , 
821*, 322, 828*, 324, 327*, 829*, 880* 
381*, 338* 837*, 838*, 340*, 342*, 343 
Ccay-flsb, gtirlogioal action of, 601 
C^nerto, 1164 
Creeks, 56 
OrtmaJ(ffpttri9, 1085 
Crenio acid, 598 t 
sCnodonts, or prlmltiTe carnivores, 1227, 
1229. 1287, 1248, 1249, 1265, 1274 
Ortoaawnu. 1159 4 


Ortpidida, 1298 . 1,,:^ 

Cretaceous system, metamolfdihBtt 
of, 804, 1216; account 1181 ; flora oi( 
1168; fauna of, 1166; in Europe, 1180« 
1208 ; in Britain, 118^1194 ; in Fr4tiiee 
and Belgium, 1195 ; in Germany, 1202 ; in 
Switzerland and the Alps, 1204 ; in the 
basin of the Mediterranean, 1206 ; in 
Russia, 1207 ; in , Denmark, 1208 ; in 
Scandinavia, 1208 ; in the Arctic regions, 
1208 ; in India, 1209 ; in Japan, 1209 ; 
in North America, 1180, 1210-1217 ; in 
South America, 1217 ; in Australasia, 
1218; volcanic rocks in, 1214, 1217 
Oricetus, 1852 
Oricodtia, 987 

Crinoids, earliest known, 912, 938 ; cul- 
minated in Paleozoic time, 912 ; char* 
octers of Palteozoic, 913, 938, 984 ; Meso- 
zoic diminution of, 1082, 1114 
Critioidal limestone, 179 
Oriifceraa, 1170*, 1172 
Oriaina, 1168 

OriateUaria, 1183, 1166*, 1242* 

Critical point in temperature, 72 ; water 
vajiour in lava above, 267, 294 
Croatan Group, 1298 

Crocodiles, fossil, 1089, 1122, 1127, 1187, 
1175, 1231 
Crocfuiilua, 1297 
Cromer Forest-bed Group, 1286 
Cronstedtite, 105 
Croaan/Hul in, 939 
Cn>(alocriniia, 944, 9.57 
Crumpling of rocks, 679* 

Crush- conglomerate or breccia, 164, 250, 683 
Crushing, effects of, on terrestrial crust, 135, 
164, 249, 250, 352 ; metamorphism due 
to, 251, 252, 681, 788 ; experiments on 
heat developed by, 352, 400 ; effects of, on 
rocks, 429, 681 

Crust of the earth, no trace of earliest, 14, 
21 ; use of term, 67 ; isogeotherms in, 
61, 62, 393, 395, 396, 899 ; temperature- 
gradients in, 62, 412, .1366 ; arguments 
for thinness of, 65, 67, 352 ; estimated at 
1 per cent of the earth's semi-diameter, 
73 ; composition of, 81 ; predominant 
minerals of, 109 ; effects of crushing on, 
352 ; earthquake origins in, 870 ; 
supposed dovmwanl or double bulging of, 
in contraction, 1366, 1871 ; terreatrial 
features due to distnrbancea ol^ 1867 
Cruatacea, early forms of, 912*, 918j con- 
trast ^tween Palteozoic and ICawsoki 
1119 f 

Onuiana, 918, 978 
Cryolite, 87, 107, 190 
CrypAams, 984 
Orj^aBnia, 1186 
Cryptoclaatic texture, 185 
GVypfoeamiB, 1141 * 

Oryptoerin^, 988 ^ 

CryptocrystalUne, 128 
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Onptodtm, im 
OrjffiodmtK 1U4 
erffipiograpiui, 947 
Or^gptmeritei, 1140 

221 

Ci^talt ofrockconstitaents, 141 ; secoitdury 
eDlai:g«raent of, 142, 162, 166 ; negative, 
142, 189, 211: of more tliau one cou- 
soUdation, 158 * 

CryaUlline, defined, 89, 127 ; structure, 
superinduced by infiltration of calcium 
carbonate, 156, 176, 178, 188, 444, 474, 
475 ; by pressure, 416 

Rocks of aqueous origin, 188 

Schists, 244, 785, 863 ; problem of 

origin and age of, 864 ; oltscurity of 
the tectonic structure of, 866 ; no law of 
mineral sequence yet established in, 866 ; 
difllculty in forming nomenclature for, 
867 ; proposal of the term pre-f'anibrian 
as a general designation for, 868 ; lowest 
gneisses and schists of, 869 ; no true 
bedding in, 866, 869 ; regarded as parts 
of the original crust of the earth, 864, 
870 ; regarded as the de{)osits of a 
primeval ocean, 864, 871 ; oonsidere<l as 
essentially eruptive and inliusiie rocks, 
865, 872 ; no stratigraphical se<|ueuce 
recognisable among, 875 ; jiossibly soiiie- 
times connecte<l with volcanic action, 875 


Crystalline-granular, 128 
Crystallites, 69, 142, 148, 1 19*, 152, 196 ; 
artificial formation of, 404, 414 ; pr<Mlnce<l 
in contact-nietamorpliism, 770, J72 
Crystallisation of eiuptive rocks, 715 
CUnacanthus, 987, 1026, 1031 
Ctenacodon, 1159 
CUnis, 1112 
Otenoceras, 940 
Ctenocrimis^ 992 
Ctenodonta^ 914*, 940 
aenodiu, 1024, 1025, 1031, 1073 
Oienophyllum, 1086 

1024, 1081 

Ctmopjfgt, 923 

Cnba, upraised coral reefs of, 382 
CuGiUlwa, 986*. 986, 1189, 1230, 1274 
CuoulUUay 958 

Culm, 1020, 1084, 1086, 1039, 1051, 1054, 
1066 

OwM, 1251 
Omninghamites, 1165 
Cvpania, 1231 
CupremniUif 1223 
CupremtUKqflon, 1256 
Cimrmoennnst 98* 


hftprMsiM. 1267 
^1^1282 

1141 

!niMiit*beddl]i8, 686 

^ta, 00.^446, 515. 558, 566. 577 • 

98f 

lomtan of roeka. 672 
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(hupidaria, 1209 
Custard-apples, fossil, 1251 
“ Cutters or Dip-joints, 660 
Cyatha^fpiSy 942, 969 
('yittheUea, 1055 
VjfitUiifia^ 1257 

CyatJiocnnus, 948, 967, 989, 991, 1020* 
CitaJl}wphorti, 1141 

(\athophyilum, 987, 948, 984, 1017*. 1021 
949 

Ctfbium, 1255 
Cycaddla, 1113 
Cyrndtoidetu 1133, 1185 

Cmtdfuspenituin, 1086 
Cyaidites, 1086, 1133 

C\oad*«. Meht' 2 oic profusion of, 1086, 1112, 
‘111.3* 

Ct/Mit, 1165 
1287 

1 'yiiocrroa, 940 

Oj/rliHimtbus, 922 

( '//i7iVt/cx, 1167 

Vydolidnuf, 1058 

Cyclone mi, 940, 947 

Cyclones, geological efiects of, 437, 562 

t 'iidophoi us, 1 202 

Ci/clopidius, 1273 

c'l/clopfens, 1010. 1026, 1077. 1085 
f't/closli(fma, 937, 991, 1002, 1036 
i'yehstomu, 1238, 125.1. 1268 
Cyhehna, 1261 
lU/luixritiua, 984 
('tpnutochiUm, 1066 

('i/iundus, 1278 
('yniiCifthulus, 1297 
Cyncx/xtin, 12.55 
CytOHhm, 1227, 1234 
Cymsiraro, 1090 
Ciinusitehus, 1089 
Cypfiuspts, 958*, 985 
i'yp/uKnuus, 936 
Vtfithmtnua, 1168 

dypr»u, 1226, 1263, 1282 

Cypress-swamps, 1018 

Cypricurdella, 986 

Cyprirardia, 1 1 36 

('ypricardmia, 990 

CyprideUinu, 1023 

Cypriden-Sebiefer, 989, 991 

I'yprUhna, 941, 985 

Cyierina, 1116, 1187, 1230, 1277, 1881 

Cypris, 1148 

Cyremi, 1147, 1185, 1225*, 1248, 1292 
VyrtrnkuceroM, 940 
VyHia, 940, 986 
VyrUna, 990 

Cyrioura$, 915, 947, 934, 98i}, 1028, 1066 

Cyrtodymenia, 994 

CyHodonta, 940 

Cyrtoyraptus, 938 

elites, 940 ' 

CyrtopiwriUs, 1104 
CyrMheca, 921 

Cyitfdcao# as ekaracteriatie fosaila, 887. 
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918 ; eftrlieti known, 912, 918* ; inaximam 
development of, 938 ; diminution of, 984 ; . 
extinction of, 1066, 1082 
Cyttiphyllumt 937, 984, 990 
Cythere, 949, 1023, 1135 
Cytherea, 1226, 1247* 

CyttufTtlUi, 941, 1031, 1135 
CytheruUa, 1087, 1141 

Dacite, 228, 231 
Dacosaurus, 1144 
Dacrydium^ 1245 
JJacryUuriuni^ 1249 
Davtylioceras, 1133, 1136* 

DactylioceraH annulatutn. Zone of, 1133 

coiuniuue, Zone of, 1133 

DactytoiUiUa, 912 
jMfQylon, 1002, 1028, 1071 
Dag^ai Group, 1241 
Dakota Formation, 1215 
Dalarulan Scriea of Scandinavia, 899 
iMdmanetla, 978 
Valinanilejtf 975, 985 
Ikdvuilinus^ 1102 

Dalradiau Series (Scotland), 893 ; oolitic 
limestones in, 192 ; foliated serpentine of, 
242 *, metainorpliism of, 796 
IhmhMra, 1108, 1166, 1246 
Damonia^ 1297 
Daniourite, 100, 254 
Daniiida Group (India), 1058, 1079 
IkintvUeSf 1165 
Danm^paiSf 1086 
Danian, 1193, 1196, 1201,^1208 
Danul>e, River, 485, 494, 495, 617 ' 

Danidntea, 1089 
JiaoneUa, 1088 
iMtpediHSj 1089, 1122, 1137 
J)aph«;mta, 1249 
Jkiphne, 1262 
Iktphiuigene, 1257 
iJaraelUay 1076 
jMrwiiiula, 1087 
JJaaurnis, 1226 
Daayceps, 1071 
Daayurus, 1800 
Davidia, 922 
Jjaumnia, 1068 

Day, former shorter length of the, 22, 30 
Itayia, 960 

Dead Sea, 49, 529, 530 
Decapod Crustacea, earliest forma of, 1087, 
1119 

Deccan Traps, 346, 1209 
DeeheneUot 984 
Decompoaltion of rocks, 156 
Deep River %ida. 1273 
Deep-aea debits, 583, 623, 624 ; unlike 
the geological formations in the terrestrial 
crust, 486 

Deer, imcestral forms o^; 1227 ; fossil, 1270, 

. 1273, 1278 

Deformation of laud by earthqnakes, 874 ; 
by secular warpiug, 880, 38\ 886, 887 ; 


of rocks by pressure, 418 ; in plientlon xi 
strata, 676, 681, 682* ; in metamorphitm 
of rocks, 788 ; of dykes by throats, 886* 
IkinoceraSi 1229, 1243 
Deinocerata, 1229 « ,» * 

JJeiuodoH^ 1217 

Deinosaurs, 1069, 1089, 1107, 1123* 1124 ; 

extinction of, 1173, 1222 t 

Deister Sandstone, 1203 
iJejanirOn 1170 
Delessite, 105, 474 
DelgadopsU, 1206 
iJelphintiSf 1285 

Deltas, in lakes, 509* ; in the sea, 614* ; 
preservation of plant and animal remains 
in, 826 

DelUUhenum^ 1243 
Deltocerua, 940 
Deltocyathna, 1245 
hetidTtrpdm^ 1033, 1068 
Dendrites or Dendritic markings, 97, 186, 
648* 

D«Mfrocrima, ‘912, 938 
Dfndroilas, 987 
Dendrograptua, 946 
Dendropuptt, 1033 

Denmark, geological map of, 9 ; Cretaceous 
series of, 1208 ; glacial phenomena of 
1332, 1336 ; shell -mounds of, 1860 
DetUaliiia, 1138 

DentaUumt 940, 1097, 1136, 1187, 1256, 
1269, 1291 

Denudation, examples of results of, 308, 
313, 322, 332, 333, 334, 339, 340. 345, 
346, 705, 1379 ; causes depression of 
isogeotherniH, 396 ; alleged to lead to 
uprise of crust, 396 ; subserial, considered 
as the general lowering of surface of the 
land, 586 ; regarded os the unequal lower- 
ing of laud, 591 ; comparative rate of 
marine, 593 ; final result of marine, 594 ; 
proofs of pre-Cambrian, 876 ; has been 
mainly instrumental in producing the 
detailed contours of the land, 1364 ; 
influence of, in changing the forms ot 
volcanic masses, 1376 ; terrestrial features 
due to, 1376 ; fundamental law of, 1377 ; 
conditions required In, 1377 ; influence of 
angle of slope on, 1377 ; permanence df 
drainage-lines in, 1378 ; influence of -geo- 
logical structure in, 1878 
Denver Group, 1244 

Deoxidation by rain, 451 ; by percolating 
water, 469, 473 ; by organic acids, 598 
Deposition of sediment, canses rise of isogso- 
therms, 393, 396, 3^ ; snppos^ to lead 
to subsidence, 396 ; the foundation of new 
land, 596 ; considered with reference to 
stratigraphical breaks, 857 ; liimiliar 
aspect of pre-Cambrian, 876 
Defuraasion. See Subsidence 
irDeibyia^ 1059 C' 

Deneerue, ySS, U85* 

Deroceras aniiatam, Zone of, 1188 
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Desert-polbh or viruiah, 436 
Deserts, saud-tluues of, 441, 443 
Jksmocenut 1187 
l^niosite, 248, 783 
De Sotc^ro\ip,*1298 

Detritul rocks, lienvy miuerals iu, 90, 163, 
179. 792, 891, 1284 ; microscopic 

chariu’lfrs of, 150, 154, 155* 

Jkufzia, 1267 ^ 

Devillion," 927 

Devitrification, 132, 148, 149, 160, 152, 154, 
211, 214, 216, 303, 309, 403, 407 
Devonian .system, account of, 980 ; rocks of, 
982 ; or^'anic remains of, 984 ; volcanic 
phenomena of, 982, 988, 990, 993, 995, 
999 ; in llritain, 988 ; in Continental 
Europe, 991-996 ; in Asia, 996 ; in North 
America, 997 ; in Australasia, 999 
Dew, geological action of, 450 
Diabase, 233, 239 ; artiliciully formed, 405 ; 
alteration of, by contact with coal, 775 ; 
contact-nielaimtrphism by, 783 
Diabase-schist, 251, 252 
Dmclases, 658 
ItiufiffiKjiiofltK.'i, 1089 
Diallage, 102 
Diallage*oli\ine ro(k, 240 
Diall'ige-rock, 232 

Diamond, m meteorites, 17 ; origin of, m 
rocks, 91 ; artili* lal tormalion of, 92, 411 ; 
found in itacolumitc, 249 
JJuist«por((, 1116, 1141 
939 

Diautrome, 634 

Diastr(»phisni, or deformation of earth’s crust, 
392 

Diatom-eurlh. 179 
Diatom-ooze, 179, 609 
Diatoms, fos.sil, 1231 
DibeMmi, 1299 
JJicdhyroptus, 938, 947 
iJiceruit, 1149 
Jtio'rothentiin, 1265, 1273 
bichohtinf, 1227, 1234 

JJichfH'ritins, 1022 

JHdudini, 1227, 1251 
XHchiyraptiig, 938, 946 
Dichroisni, 126 
Dicliroite, 103 
X)ickstinui, 1161 
Dkhnim, 1176 
Dieonwhnif 1249 

Dicotyledons, fossil, 1164*, 1206, 1211, 
1217, 1223, 1247, 1262*, 1263*. 1276, 
1277*, 1304*, 131^ 

DicruHOffrafttM, 935 , 938, 947 
JMcrocmn, 1263 
JDtdjfcdon, 1266 
Dictyographu^ 911, 988, 946 
IHUyonma, 911, 938 
IHdyontwrii^ 1082 • 

JHdyophyUwn, f098, 1112 
DiUyvpteriSy 1034 
lUctyopygt^ 1089 * 
vni. If 


SUBJECTS ' 


hidyUhyrU, 1160 
IHHytuylm^ 1036 

Dicynodont reptiles, 1069, 1078, 1060« 
1089, 1090, 1107 
DiilrlphopSt 1179 
huidiJiys 1231, 1249 
Ituiytn 1089 

; DUyitunfntphts, 932, 935*, 988, 945 
986, 1021*, 1022, 1071 
' l>ie.',tiaii group, 1267, 1282, 1289 
. Dillereutiution in ernjttive rocks, 707, 710; 

1 .si‘|»arHtioii of ores by, 808 
I iJdd^HVf^uiIiHa, 912*. 922 

I Inkdofephtihts^ i>12* 

■ Diluvial .series ot de{KViiiU, 1300 
IhiiK K>t'i nmSt 938 

“ Diiiieliau." 896 

■ 10.62 
/huitirp/Hftfort, 1123 
hnti>irpln»/mpfus. 964 

' hontfu, 1088 

' Dinantian (CarlamiferouK), 1061 
, Dimuian Serie.s, 1106 
lUmtntiS, 1089 
Dingle llods, 1012 
Dingo, foteil, 1300 
1 988, 1006 

1 1249. 1273 

JhuohduB, 939 

Ihnnruut, recent extinction of, 1362 
lh,i»th,naw, 1263, 1266*, 1278, 1291, 
1296, 1297 
I 1107 

1110, 1112 

DtopMde, 102 ; artificial production of, 

I 112 

Diorite, family of, 223, 225 ; weathering of, 
466 : coiitact-mctamorphism l>y, 783 
Di'jritc-|iorphyr.v, 221, 225 
Dioiite-schUt. 252 
IhxsptfiuA, 1231 
Dip faults, 695 
Dip-joint.s, 660 
iitphnigm/m-ius, 940 
Diphya LimeKtonc (durassic), 1166 
DiphyoideM lle<lh, 1166 
’ /hphi(Htithua, 1006 

lhj4(ic<iduiif 1243 
' Diplacmiou Beds, 1243 

1 Jtiftload uH, 1126 

; /dpl*K'onug, 1249 
{ Itiftliicifnoiloa. 1 1 59, 1 233 
j hifdtdm, 1014, 1025 
Jnj/loymptuB, 936*, 988, 947 
Jn/tlfunyatua, 1173 
IHjilupora, 1102 

ItijdupUrwt, 1005 
Jupfoptis, 1227, 1234 
IHplvwivnis, 1127 
IfiploapondyluB, 10*8 
Diplothrcii^ 932 

Dipnoi, fossil, 967, 1004*, ICvw, 

Dip of strata 667 ; infltumce of stteouatkMi 
of^straU on, 66f ; qai-quft*v*aill, 669, 

• fA . 
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671*t 675 ; deceptive eppeanance of, 669; 
relation of; to curvature, 678 
Dinriodon, 1179 

1299, 1800, 1362 
Diptmmotui, 1093 
Diptenu, 987, 998, 1004*, 1005 
Dipyre, 103 
Dlpyre-eiate, 248 
'* Dirt-beda “ (JuroMic), 833, 1144 
Disaggregation as an effect of coutact-meta* 
morphism, 768 

Ducina, 918*, 947, 948*, 989, 1022, 1186, 
1188 

Diaeinoearia, 941 
Diacinolepiaf 915 
Diacinopauit 915 
Diacitea, 1028* 

Diacodioa^ 940 
JHacohelix, 1136 
Diacoulea, 1168 
Diacorbina, 1166 
IHaaacua, 1243 
Distheue, 103 
iK^Ayrocum, 1024, 1031 
Ditroiio, 221, 223 
DUrupa, 1184, 1236 
DittimrUes, 1107 
Diveaian substoge, 1150 
Dock,, fossil, 1276 
Docodoti, 1159 

Dog, fossil, 1249 ; domesticated iti Neolithic 
time, 1856 

Dogger (Lower Oolites), 1131, 1132, 1140, 
1154 

Dogwood, fossil, 1165 

Dolerite, 231, 232, 233, 239 ; artiticially 
formed, 405 ; weathering of, 456* ; altera- 
tion of, into hornblende -sciiist, 794 
Dolgelly Slates, 921 
Ihlichopiihmt*, 1278, 1291 
Dolichopin'us, 942 
Dolichmiurus, 1173 
Ddichmoma^ 1068 
Doliuas, 477 
Doliuni, 1260 

Dolomite, 107, 193 (origin of), 426, 530, 
1015 ; deuom;K)sitiou of, 462 ; weathering 
of, 456 ; deposiU of, 1064, 1072, 1096, 
1103, 1153 

Dolomitio Conglomerate, 645*, 652*, 1093 
Dolomitlsation, 177, 193, 426, 580, 791, 
1041 

Dome volcanoes, 324 
Doniite, 226, 761 
DoTcatheriHWy 1272, 1297 
Dordonian, l!1^2 
Dormonse, fossil. 1234, 1254 
Dorocidaria, 1208 
Ikryeord^itea^ 1051 
DwycriAua, 984 ( 

JQprj/gnathMa, 1124 
Doainia, 1272, 1277 
Doainiopaiai 1242 f 

Dooamsipsr, Phylladas 927 . 


Douvilleiceraa, 1172 

DouvUleiceraa mammillatum, Zone of, 1182, 
1187 

Downton Castle Sandstone (Downtonian). 

963, 961 r ♦ ^ 

Drainage, effects of artiiicial, 631 ; per- 
manence of lines of,. 1378 
JJreiaaama, 1250, 1268, 1292 * 

DrenwtheT^im^ 1249, 1295 
Drepamiapia, 987 
DreptineUa, 1006 
JJrepanephonia, 1192 
Dreimnodon, 1249 
Driftwood, in Arctic seas, 581 
DruwUfutrium, 1091 
JMmiia, 1208 
J)romornia, 1300 
“ Druid Stones,” 463, 464, 1233 
Drums, or drumlins, of boulder-clay, 1310, 
1331, 1343 

Drusy cavities, 90, 134, 141, 204, 814 
J)r!/anfhn, 1232, 1247, 1262 
I*rf/(indrni(ffs, 1247, 1257 
iJryas, 1315 
linjolestea, 1159, 1179 
JJri/opkyllum, 1 1 65 
DryupiOiecus, 1261, 1265*, 1293 
Ducks, fossil, 1254, 1287 
Ihtvwrtieria, 1136 
Dunes, 440 
Dumte, 210, 243, 253 
Dunlins, fussil, 1251 
Durness Limestones, 883 
Durnteii, lignites of, 1338, 1339 
Dust in air, source and functions of, 37, 
434 ; cosmic, 93 ; volcanic, 273, 286, 292 ; 
removal of, by wind, 435, 437 ; erosion 
by, 438 ; growth of, 438 
Dust-showers, 444 

Dwyka Conglomerate, 1037, 1059, 1079 
Dyas, 1063, 1072 
Dyke-rocks of Rosenbusch, 197 
Dykes, 287*, 298, 346, 788, 742*; of 
sandstone, 665*, ‘^66*, 759* ; structure 
of, 745* ; glassy selvages of, 745, 746 ; 
multiple and compound, 746* ; intersect- 
ing, 7 17* ; effects of, on contiguous rocks, 
747 ; deformation of, by thrusts,. 888* 
Dynamo metamorphism, 765- 

Eagles, fossil, 1264 
Eagle-stones, 187, 648 
Earth, earliest crust of, 14 ; relations of, In 
solar system, 14 ; form and size of, 19 ; 
rotation of, 22 ; revolution and orbit of, 
23 ; distance of, frofn sun, 23 ; stability 
of axis of, 24 ; changes of centre of gravity 
of, 28 ; diminishing ellipticity of figure 
of, 30 ; envelopes of, 34 ; lithosphere of, 
47 ; density of, 56 ; the present enut of, 
57 ; ittterU^r or uncles of, 57 ; iatemel 
heat of, 60 ; probable oo^iAition of interior 
of, 65 ; a/lpinients for internal liquidity 
of, 65 ; arguments for intemal soUdity of 
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67 ; MgttroenU for gaaeous cotuliliou of 
nucleus, 71, 371 ; age of, 74 ; physical 
urgunienU for age of (1) internal heat, 7?. 
81; (2) tidal retardatipn, 79, 81 ; (3) 
oripu and tge of sun’s heat, 80, 81 ; com- 
position of crust of, 82 ; etfects of con- 
traction of, 351. 370 ; oonsUnt suia-rfioial 
movement in, 358 ; iuUiieucc of rotation 
and tlu* moon's attraction on oontigura- 
tion of surface of, 393 ; elTects of m nlor 
contraction of, 394 ; elfeoU of eccentricity 
of orhit of, 1326 

Earth-movements of infiuitcsinial amount. 

359 ; causes of, 360 
Earth-pillars, ermled by rain, 4t53* 
Earthquakes, ; literature of. ‘358 . of 
Briti'ih Isles ,359 ; of (leirnany. ,359 ; <*i 
Austria, 359 ; of ltal>, 3.59 : of S|iaiii ami 
Portugal, 359 : of Siiiii<hniiviH, 36o ; of 
United States, 36o : ot .la)mu, 360 ; 
delinitnui of term, 360 ; n.ature td the 
motion of the giouuil in, 360 ; waxea 
trausuiiitcd by. 361 . range movement 
in, 361 : velocitj of, 361, 376 , perhaps 
propagated through the globe, 363; 
duration of, 363 ; frequency of, 363 ; 
periodicity ot. 363; conueaion of. with 
the seasons, 364 ; mod died by geological 
structure, 361 ; extent of Hiunlry aflected 
by, 366 ; depth of soune of, 366 ; seat of 
origin of, 367 ; distribution of, 36S ; 
causes of, 369, 416, 479, efbsts of, on 
surface ot land, 371 ; elle«'ts of, on 
terrestrial ^^nter^ 374 ; tlfects of, on 
Huimals, 375, 828 ; memorials ot geologi 
cally ancient, 375 ; effects of on the sea. 
375 ; permanent chiuigi's of level caused 
by, 376 ; possible reoonls of, in samlstom* 
dykes, 665 

Earth-worms, transiw^rl of sod by, 160, 
600 

Earthy Wateis, 472 
EaUmia^ 969, 980 
Ehumean eiKJch, 1319 
Ecca Shales, 1057 
Eccentricity of earth’s orbit, 23 
Eccliptic, obliquity of, 24 
Ecatlioinphaius, 947 
Echinobriffii/f, 1115, 1168 
Echinocurii, 1006 
Echinocotius, 1167* 

Echinocorysy 1167* 

Echitwepumtu, 1168, 127>' 

Edkinocyphns, 1168 
Echinoeyatijt^ 939 

Bchinodenuata, relilive pala'oiUological value 
of, 832 ; evolution of, 846 ; contrast uf 
Paleozoic and Mesozoic, 1083, 1114 ; 
fosslh 912, 913*, 938, 948, 984, 1020*, 
1021, 1087. 1116*, 1167*, 1247. 1277 
1147 ^ 

Echinoida, grep devislopmeut ot, in Jurassic 
time, 1115 • 

Echinotpaiayu*, 1168 


EtAittotpAetrUes, 938 
1278 
Eclogite, 252 

Ecuador, volcanoes of, 263, 264, 280, SIS, 
322, 324, 826, 329 ; earthquakes of, 865, 
366. 375, 376 
Eihf»hwhH, 1192 

Edentates, fowl, 1273, 1295, 1296, 1299 

Eilesfus, 1025 

KiiiHoiuiHtf 1023, 1066 

Eels, early forms of, 1178 

EHIoreM-ence products, 445 

Effusive or volcanic rocks, 197 

Kgelii Beds. 1257 

Kgerkingeii, RtKciie oHseous breceia of, 
1237 

Kn/niytMia, 939 

Kifel. volcAiiic phenomena of the, SliB, 271, 
275. 278, 281, 291, 314, 327, 329 ; crater- 
lakes or mnon of, 324, 326 
Kifelieu, 992 
EiHuciiiiUJi, 984 
Elaolite, 100 
Khfol I te-sy end e , 220 
1 1 92 
1176 

Ehtrr, 1 ] 3.3 
Klatorite, 1H5, 186 
KUkj, Huer. 484, 4S5, 489, 194 
Elements, most imi»orliuit in earth’s crust, 
83 ; native in crust, 91 
Elephnnts, fossil, 1278 ; African, in glocUL 
|»eriod. 1317 

Khphan. 1278*, 1297. 1315*. 13.50 
EftpboH iintupniH, age of, 1355 
AJlfu/hfrncartJt, 1006 
' F^Iexation. -'ye IJplieaval 
Klevjd ion -craters, theory f»f, 320 
Khjtma, 1090 
, Elgin fsandstones, 1090 
Elk, fosMi, 1356; Irish, 13.55, 1866 
Elk Kiver Senes, 1061 
, EIfips>nep/tui».<i, 912*, 014 
KIliiiHOKbal structure of lavas, 136, 306, 309, 
760, 951 

Elm. lowl forms of, 1204, 1221, 1276, 
1287 

Khmifhthyn^ 1031 
ElojKpstjt, 1173 
Klolheiid.s, 126.5, 1273 
1249 

Eltou liake, 529, 5,30 
Eluvium, 440 
Elvan, 209, 740* 

Efyntffcariii, 1006 

Emaryitiuh, 1170 

Embryonic develojmteiil and palHeontological 
successtou, 846 
Emery, 95 

' Empyreumatic mi%ur, 1 40 
Emscherien, 1196, 1201 
Emu, foasi), 1300 
Emyda, 1^7 
Em^i, 1214, m7« 
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Mnaliomii^ 1176, 1178 
Enaliosaun, or sea-lizards, 1122 
Enaltocrinus, 968 
Bnckodus, 1173 
Sinorlnite Limestone, 179 
Encrinurtia, 941 
Encrinusy 1087* 

Endmorane. !<et Moraines, terminal 
EndocertMt 040 
Endomorph, 89, 94 
EndothiMon^ 1089j« 

Endothiodonts, 1080 
Endidhyra, 1020 
England. See Britain 
EtiTieodon, 1169 

Enstatite, 182 ; artiticinl funnation of, 413 
Enstative-olivine-rock, 241 
Eutidii/dora, 1141, 1168^ 

Entdodm, 1249 
EtUomidella, 91.6 
Ent'mis, 921, 941, 983*, 985 
Entoptychns, 1273 
Eoboailens {fjintathpiutm)^ 1229 
Eocene, definition of term, 1229; forma- 
tions, metamorpliisiii of, 803, 804, 1223 ; 
account of, 1223 ; fiora of, 1223 ; fauna 
of, 1225 ; distribution of, oM-r the world, 
1228 ; in Britain, 1229 ; in Kranee and 
Belgium, 1231; in Southern Europe, | 
1238 ; in India, &o., 1240 ; in North I 
America, 1241; iu South America, 1244 ; j 
in Australasia, 1244 ; Nummulitic Lime- 
stone in, 1224*, 1239; coars** Iwuhler- Inals 
in. 1239 ; coal of Haring, 1239 ; volc.au ic 
rocks associated with, 1240, 1214, 1245, 
1246 

Eocyatiti's, 912 
Eotiippus, 817, 1228 
Eohyiia, 1228 
Eoiirion, 1208 
Eolithic, 1349 
Eflititryx, 1243 
Eophyton, 911 
Eaaauniat 1062 
EMCorjuKS, 1032* 

Eozoic rocks, 801 

Eitzwn, 870, 878 

Eparchroan Interval, 904 

Epeirogeuy or continent-making, 392, 1374 

J^emera, 1003 

^iastrrt 1193 | 

SpicampodoH, 1107 I 

Epidiorite, 224, 234, 252, 790 ! 

Epidiorite-schlst, 252 I 

Epidosite, 253, 790 

Epldote, 103 ; as a metamorphic ))rodiict, 
772, 773, 77^, 790 
Epidote -schist, 253, 790 
Epidotisation, 790 
E^ngenc »''iion in geology. 262, 430 
Epihippna, 1243 

1249, 1273 

Ep))eisheim, l)one-sand of, 1268| 1293 
EpMinites, 420 ^ 

f *• 


Equatorial diameter of the earth, 20; 

Current, 23, 559 
Equinoxes, precession of, 23 
Equisetacese, fossil, 1004, 1012, 1019, 1026, 
1066, 1085 f e ‘ 

dlquiai’iites, 1085, 1133, 1185 
EfiuisHtun, 1096, 1112, 1203 
Efjnns, 847, 1278, 1297 • 

Equns Beds {I'leisloccne), 13 
Eretmm n rita, 1137 
Erguss-gesteine of llosenbusch, 197 
Enttnya, 912*, 914 
Ei'Oibnm, 1250 
E/'/H‘t(tsnrlnis^ 1090 

1 Erratic Blocks, 161, 554^, 1016, 1311, 1318 ; 
j evidence of transport ot, 1310, 1331. 

I 1338 
I Kr If lint, 1119 
, 1119 

! Eruptive Ibn-ks. .Sf' Igneous Uocks 
Ei'i'ilnt, 1268 
. Escai piuent.s, .600, 1387 
I Eachnru, 1202, 1277 
1 ENkers, 1323, 13,30 
E'«.M>utml luiiierals, 89 
EMhma, 983*, 1006, 1031, 1073, 1087* 
EathnnKf, 1243 
Estuarine deposits, .610, .681 
Estuarine Senes (Inferior thdite) of York- 
shire, 1 1 10 
Ktaugs ^41 

Ktchimiuiau l^cries, 90,6, 931 
Ethmii/nf//inn, 912 

Etna, lileratun* lelating to, 201 ; dinien- 
sious of, 261, 265* ; steaiii disiharged 
by, 266 ; luuiarok-s ot. 269 ; melting 
of snow on, 270 ; bombs of. 274, 275 ; 
geological age of, 281 ; most active 
m winter, 282 . ilijtlimical eruptivity ot, 
2S4 ; fissures on, 286, 289 ; dvkcs on, 
287* : caldeia ot. 290, 326 ; luv.a-streams 
of, 298, 299. 300, 30.6, 307, 308, 309, 
310; jiroofs ofjnpheaval at, 311; sub. 
sidiiiry eoues of, 323, 326, 338 ; map of, 
331*; shitting of \eiit of. 332 ; Iwgan as a 
submarine volcano, 336 : cause of its wide 
reputation, 342 ; began its eruiitions in 
Pliocene time, 1293 
Ei Mat (ilia, 1073 
Eucidniiu(e.i, l(i6,6 
Eavalyptits, 1164, 1223, 1251 
Eachii'naanriis, 1069 
Enciadia, 939 
Eac/adocrinKSj 1022 
Kiidea, 1086 
Eadeaia, 1150 
Eafh'phas, 1297 
Eayaati’r, 984 
Einjeiiia, 1231 

Eaynathna, 1089, 1122, 1137 

EagoHocemat 1212 

Eugranitic, 221 
Eakeraapis, 9(12 
EidimM, 1282 
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Kvlmntt^ 922 

Euhma-ytiJtf' I'uuna, 922, 924 ; worlil-wiile 
range of, 94 } 

Enlysite, 240, 2f>:i i 

Einnf/s, 1249 
Einiclfd, 9S6 

Euolhphn/ti.^, 940, 9(i2*, 986. 1022*, 1023, . 

. 1078 ! 

EviMtta;,,'.., 1-215 j 

E»}>fiiikii(i, 1032 ; 

EupliotiMe, 232 | 

El(pf»tn,f,.,llil, 1213 ' 

Eojtao mill lit, 1242 
Eurite, 209 , 2.VS 
Euritie htnioture, I,**! 

Europe, genloifual maps of, S, vaiuitioiis of 
sea-le\el louuil coa-'ts of, 43 ; area, iiiean 
height aiul higlie^t elevation of. 19 ; pro 
jiortion of ena'«t-Imo of. '»4 : lissuie erup- 
tions ill, 34."» ; aetive \oleaiioes of, 3 IS; 
e:irth<piake' in. 3.11*, 36-2, 3t»7. 368 ; 

prevalent iliieetiojis of nioiintatn-t ham- in, 
394 ; ''an<l-<linie'» of, 411, 142; eomposi- 
tion of ruer wateiN of weNtetn, iS.s, . 
Inlal liai-* of. r»12 

-- - IVe-Caiiihnan rocks of, .S97 ; e.arlj jire- 
I’nheoroic lainl of, 899, 90*' . ('ainhiiaii 
sjsteni in. 921. Silmiau, 9ir»-977 ; De- 
\ onian, On.w ■ '.<96 , OM Ue.l Sainlsfone, 
lOOii-1012. ( 'ailionileroii'-, lo37 1 0,^.6 ; 
I’erinian, 10<19-107S . Trias, 1091 110<»; 
Jiirassie, 112''-115.S; ('retaceon'', 1180- 
TJOs ; geogiapliical * liaiigcs in. at en.l of 
Meso/oie linie, 1219. Koeeiie foniiiilions 
111 , 1223-1211: Oligocen*-. 1219-126'): , 
Mioi eiie, 12<)<i-1272 , l’li<Hvne, 1280-1296 . | 
I’leistoceiie, 13i<3 1339. j>o>,t-Terti.ii\ an<l 
Ueeent, •1347-1361 

Eiti >/> f'li'i 92a 

Em ifi'itrmiis, 1141 

Eiiriffi'/iis, 1062 

Et/i'i/tiiifK', 1021, 1032 
Em-npii-iill", lOO.'i 

Kurypternls, ehiel periods of, 912. 100.», 
1031 

Emypfrrmt, 912, OaS, 98:^, 100.'., 1024, 1031 

Evnftht’m'm, T2-i4 

Etivuriiii, 942 

Eifsmi/i's, 1*249 

Eiiatht'iiniih-i'iiiif 1014 

Kiitaxites, 131, 212 

E»flitjiu>tuii, 1122 

Evf"tnt/i:ei a <, 1107 

Evolution of siiccieH, 8-38, 8 12 ; hearing 
palfooiitologv upiH, 845 
E'‘mjiifi', 1116, 1119*, 1169* 
fUxoMiiosia, 741 

ExiH;«UtionN oceanographical, 38 
Experiment in geology, 119, 261, 329, 352, 
361, 862, 398, 409, 421, 435, 451. 454, 
466, 473, 4^, 491, 492, 496, 635, 561, 
566, 567, 613, 625, 626, Wl, 683, 716, 
717. 733, 8.52 • 


Explosion cr.<it«rN 324 

Exploaiona. volcanic, 289, 296, 335, 337, 
343 ; transitory character of, 292 ; canao 
of varsiiu energy of, 294 

1-221 

Fithiittirtu, 1237 

Ff/it^, 1210. 1246. 12a7, 1292 

FahlkiinN, 82<) 

KiurV'^loiics, 617 
Fakes, HJfi 

Falcon Islaiitl, a inoilein \ohano, 334 
False-). e.Ming, 636 
Fill nils, 1253, 1266 
Faiiiiiieiilen, 991 

Fau ialnis, fossil, 1224. 1217, 1270 
Fan shaped .stnictiuv, 678*, 1371 
Fans of allu\ iiuii. 50fi* • 

FiircH.- Isles, ]»iateau of. 39, 845 ; aiU in, 782* 

Fttsi'u'nlui III, 12S‘2* 

Fits,, .itii Hit. 1170. 1267 
Fassaite, l«i2 
Fass.iiimn (Sroiip, llO'l 
Faults, coiimvlioii of, with earthipiiikcs, 870, 
423 ; afford channelH for luitlci-grouml 
water, 466 ; description of, 687 ; nature 
of, 688 ; throw of, 690, (194 ; hade of, 
690 ; diMercnt classes of. 690 ; iiornial, 
690 : reversed or overlhriisl, 690, 794*, 
10,53. 1054. 1370 ; ilip- and strike-, 694 j 
hea\e ol, 695 ; dying out of, 696*, 698 ; 
gi’oups of, 699 ; step-, 699 ; trough-, 699 ; 
det)*«tion and liaiiiig of, 700; generally 
make no feature at the surface, 700, 
1370, 1384 ; gravity-faults, 702 
Fault unk. 164, 689 

Faunas, ii.aiiiie, soiiietiiiies less lulvoiiced 
than terrestiinl Horns, 839, 848 ; earliest 
known, 877, 901, 910, 931 
Ftinisth's, 918, 984, 1021 
Ftiritftn'ui, 106.5 
Fii\oe t'halk, 1208 
Feallier-paliiis, fossil, 1221, 12 17 
Feel ol ro( ks, 1 40 
/-5//N, 129.5, 1297, 13.58 
Felsite. 213. 215 
Felsite-porphyrv, 216 
Felhitfels, 21.5 ‘ 

FHsitif: structure, 149, 151 
Felspars, 98, 109 ; artificial pr^sluction of, 
401 : decomposition of, l.j rain, 452 
Felspathie, 137 
Felstoiie, 215 
Felt, iiiicrolitie, 228 
Fmfifellii, 939, 1022, 1066 
Ferric oxide, 84, 90 ; projuirtjiin of, in eartli’s 
crust, 87 
Ferrite, 167 

Fcrroiw carlioiiatc, 85, 91, 107, Ify. 194, 472 
Ferrouft oxide, 8i|, 96 ; proportRii of, in 
earth's ofiwt, 87 • ^ 

Ferrous nilicate as a colouring ingredient in 
rocHx, 1^9 

Ferrous sulphate, #6, 472 
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F«migittoas dtposits, 96, 107, 186 
Fetid odour of rocks, 140 
Ffestiniog Hags, 921 
Fibrolite, 108 
Fibrous structure, 135 
Flchtelite, 185 
FicophyUiun., 1211 
Ficula, 1283 

Fictu, 1164*, 1230, 1263*, 1292 

Field implements for geological research, 

no, 117 

— — relations as a basis for the classihcation 
of igneous rocks, 197 
Fig, fossil, 1165, 1209, 1224, 1247, 1270 
Fiji Islands, 336, 338, 382, 621, 623 
Finland, geological maps of, 10 ; pre-Cam- 
brian rocks of, 900 ; glaciation of, 1332 ; 
geological history recorded in pcat-mosnes 

of, 1860 
Fireclay, 168 
Fire-damp, 86, 427 
Fire-marble, 177 
Fim, 189, 535 
Firths, 391 

Fishes, kille<i in large numbers by volcanic 
eruptions, 335 ; by earthquakes 376 ; 
and by other causes, 828, 1003, 1011. 
1109 ; transport of pebbles by, .578 ; 
deposits formed of excrement of, 614 ; 
evolution of, 847 ; earliest tyiMss of, 942, 
987, 1004* ; immense mind)ei's of, in some 
deposits, 1003; Carboniferous, 1024, 
1031; .Slesozoic types of, 1122, 1173; 
earliest telcostean, 1173; trituration of 
niolluscan shells by, 1283 
Fissility, different kinds of, 636 
Fwirostm, 1168 

Fissure eruptions, 264, 342*, 3.')0, 763, 
1252 ; terrestrial features due to, 1376 
Fiasurflla, 1282 

Fissures, volcani«', 279, 286, 300, 342 ; 
earthquake-, 372, 373* ; sea-water seen to 
pour into, 354 ; without vertical displace- 
ment, 687 ; in limestones and other rocks 
frequently full of auitual remains, 1094, 
1237, 1266, 1350, 1358 
Fisauruieu, 1215 
Fiatulipifra, 984 
FUtonia, 1186 

Fjords, as proofs of subsidence, 391 
FtaMlarui, 1166, 1246, 1267 
Flabeilum, 1242, 1300 
Flame-coloration, mineral testing by, 118 
Flamingoes, fossil, 1254 
Flat works in mining, 819 
Fleckschiefer, 248 
FleMXHgitta, 10b9 

Flexures of rocks, relation of, to terrestrial 
features, 1367 ; monoclinal, 1367 ; sym- 
metrical^*' 1367 ; unsymmetrical, 1869 ; 
reverse«l, 1870 . 

Flfat, 179, 195. 625, 831, 1162, 1167 
Flinty texture, 183, 138 
Floating 4M, 60^ 


Ploe-ice, 668*, 674, 678 
Floe-rat, Arctic, fossil, 1316, 1324 
Floods, 493 

Floras, terrestrial, less serviceable than terres- 
trial faunas for stratigraphjcal purposes,* 
832, 839, 848, 1034 ; sometimes in advance 
of marine faunas, 839, 848 ; earliest known, 
910, 936 ; Devonian, 984 ; Old Red Sfud- 
stone, lOOl ; Carbonifeijous, 1026 ; Per- 
mian, 1065 ; change from Paleozoic to 
Mesozoic, 1082 ; earliest dicotyledonous, 
1164 ; Alpine or Arctic, history of, 1325 
FloruHan Series (Pliocene), 1298 
Florissant, lake-deposits of, 1248, 1260 
Flowers, preservetl as casts In travertine, 
476 

Flow of solids, 421 

Flow-structure (Fluxion -structure, Fluctua- 
tionstructur), 131, 147, 153, 154*, 211, 
214, 226, 636 

Fluul-cavities in rocks, 143, 144* 

Fluorides, 107 

F’.iorine, proportion of, in outer part of earth, 
83 ; combinations of, 87, 107 ; great 
chemical activity of, 87 ; at volcanic 
vents, 269 ; as a nnneralising agent, 407, 
41.5, 778, 809 

Fluorite (Fluor-spar), 87, 107, 814 
Fiuatru, mi 

Fluxion-structure. See Flow-structure 
Flysch, 120.5, 1223, 1239, 1253, 1268 
Foliation, 113, 134, 244, 428 ; sometimes 
coincides with bedding of strata, 248 ; 
produced by dynamical movement, 682, 
788 ; relation of, to cleavage, 686 ; pro- 
iluced in contaet-metamorphism, 777 
Folkestone Beds, 1185 
Footprints preserveil as fossils, 644*, 1089 
Foraminifera, dejmsits formed by, 177, 178*, 
616, 624, 1020 ; protective itiHuent e of 
.some, 604 ; fossil forms of, 937, 1020, 
1076, 1086, 1166*, 1186, 1192, 1225*, 
1231 

Foraminiferal limestone, 178 
Ford ilia, 915 
Foreland Grits, 989 
Foreilenstein, 232 
Forest-lied Group, 1281, 1286 
Forest Marble, 1131, 1138, 1141 
Forestian epochs in Glacial Period, 1313 
Forests, submerged, 388, 389*, 612 ; arrest 
inland march of dunes, 443 ; attra^<Hi of 
rain by, 600 ; protective influence of, 608, 
631 : arrest avalanches, 604 ; successive 
buried, iu Coal-inessures. 650 
** Formatious ’’ in gcolon, 855, 860 
Fort Pierre Group, 121* 

Fossilisation, 830, 912 . ^ 

Fossils, often best seen on watered aurfiuel 
of rock, 110, 454 ; distortion of, 420*, 
801 ; in metamorphosed rocks, 425, 781, 
784, 798, 799, 801, 801, 974 ; as a basb 
tor stratigcxpbioal classifi£di^ 667 ; aa 
tests of the age of volcanjc eruptiona, 720 ; 
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replaced by cryetallUed silicatei, 782, 801 ; j 
by btematite, 819 ; by natire nietnls, Ac., • 
880 ; definitiou of the term, 824 ; nsos of, | 
in geology, 833 ; record changes in phpi- j 
cal geography, 833 ; determine geological j 
chft»nology, 835, 856 ; order of succession 
of, 836 ; characteristic, or Ixiitfossilien, 
836 ; may prove inversion of strata, 837, 
856 ; may ^ made to indicate the relatne 
importance or breaks in the (ieological 
Kecord, 841 ; subdivision of Geological 
Record by means of, S43 ; characterise 
epecial zones, or groups of stmta, 843 ; 
collecting of, 849; determination of for- 
mations by means of, 855 ; unler of suc- 
cession of, the basis of stratigraphical 
geology, 856 ; earliest known. 877. 904, 
910, 931 

Fourchite, metumorphic action of, 781 
Fox, Arctic, former southern migrations of, 
1315, 1317, 13.54 

Fox, fossil, 1278, 1287, 1315. 1336 
Fox Hills Group, 1214 
Foyaite, 221, 223 

Fracture, influence of, on rocks, 41.5. 123 
Fracture of rocks, 138 
Fragmental Rocks, 1.59 

structure, 135, 150, 154, 155*, 159 

France, geological maps of, 8 ; volcanic 
geology of central, ser Auvergne ; Palaeozoic 
volcanic action m, 348, 761. 972; carth- 
quake.s in, 364 ; changes of level in, 385, 
388, 390 ; clangs of, 441 ; ruers of, 481, 
482, 484, 486, 495, 515; river- terraces in, 
607; chemical deposits along coasts of, 
679 ; iK‘at-nios8«s of, 608 ; structure of 
northern coal-fiehl of, 681, 693 ; granites 
of, 72.5, 780 

Pre-Cambrian rocks of, 901 ; Cnrnbnan, 

927; Silurian, 971 ; Devonian, 991, 994 ; 
Carlxmiferous, 1051 ; Porinian, 1074 ; 
Jurassic, 1147; Cretaceous, 1195; l>K*ene, 
1234; Oligooene, 1252; Mio<ene, 1266; 
Pliocene, 1289; glaciation of, 1308, 1335; 
Recent deposits of, 1359 
Frasnien, 992 
rraxinus, 1214 

Fredericksburg formation, 1212 
Freestone, 165 
Friable, 138 

Friction-breccia, 164, 250, 683 
Friendly Islands, submarine eruption* at, 
277, 334, 335 
Fringing reefs, 618 
Frogs, fossil, 1271, 1287 

iiVo^tcuTarta, 11^ 

Froet. 454, 531, 6Vl, 663 
.Fruchtsebiefer, 248, 781 
Fneoids, fossil, 910, 936 
Fnlgnrites, 433 
Fuller's eaiih, 168 

Foliar’s Earth 9roup (Fullonian), 1131, 
1188, U4(f • ^ ^ 

Fumarole*, 266^267, 269, 807, 818 


Funafuti, a coral atoll, exploration of, 614, 
628 

Fundamental complex of An'hisiui gneiss, 
888. 903 

Fundamental C*ielss, 882 
Fundy, tides in Bay of, 567 
Fungi, fossil, 1026 

Fusion, experiments in, 402. 716 ; aqoo- 
igneous, 412; regaitled as Ihpiefaction by 
solution, 413 ; expansion of rocks by, 413 
' Fiision-jsiiiit, in silicates, lowered by water, 
304, 413 ; of a mineral and of its glass, 

I 405 ; experiments on, 717 
I Fujtulina^ 1020, 1076 
I FuaulinfUu, 10.57 
I Fujnts, 1170, 1225*, 1248, 1267 

' Gabbro, native iron in, 93 ; gase^in, 142 ; 
characters of, 231, 239 ; bandwi structure 
of, 232, 2.56, 711, 788, 808 ; meU- 
morphism of, 790 ; separation of ores in, 

! 808 

I (iabbio-schiht, 251, 2.52 
' Gaire, 166, 1150, 1188, 1200 
<*Vi7ecy/i«j», 1273 
fialfitcerdOt 1237, 1256 
(fttUrUe«, 1167* 

Galesaurians, 1080 
($al4-murus, 1089 
(inltthylojc^ 1234 • 

1295 

I OanijanwpirriJf, 1059, 1066 
Ganges, animal rise of, 481 ; vegetable rafts 
, of, 492 ; sediment in, 496 ; delta of, 617* ; 
I rate of denudation of, 589 
i Gangetian Group, 1106 
i Gaiig-gesteiue of Rosenbusch, 1 97 
j Gangue, 814 
j Gannets, fossil, 1254 
j JGannister, 168 
i (f'anodtis, 1141 
I Garbenschiefer, 248 
! Garda, Lago di, height of, 13,38 
Garnet, 104, 171, 222, 423 ; in contact- 
metainorphiHin, 773 
Garnet-rock, 253 

Gases, occlusion of, in meteorites, 17 ; In 
earth’s interior, 72 ; in rocks, 85, 14^2, 148, 
144* ; given offin association with mineral 
oils, 86, 185, 318, 357 ; volcanic, 266, 
266, 288, 291, 294, 313 ; of mud- vol- 
canoes, 318 ; in the subterranean magma, 
353 ; olwerved at earthquakes, 378 
Gash -veins, 819 

Gas-springs, in delta of Mississippi, 512 
Gas-spurts, among stratided rocks, 645 
Gasteropoda, early fonns 915, 940 
fiuUomi$, 1226 
(/ustriocertu^ 1023, 1076 
Geudroc/umitif 1161 
Qaudariaii Group, lip6 
Gavdryma, 1166* 

Oaalt, 1182, 1183, 1186. 1208 
an«iali»9\m. 1297 
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Gaylnislte, 531 
Oaxella, 1378, 1205, 1297 
Quelleii, foMlI, 1278 
OMuticUnes, 880, 678, 1874 
G«dlouien, 992 
Oedravian, 1288 
OwikUa^ 1090 
OiiHitzdldf 1078 
1249 

GewsralMMl or synthetic oiguihc tyi)eH in ; 
geological time, 846, 042, 1002, 1028, 
1082, 1127, 1165, 1179, 1211, 1226.1227, 
1228, 1295 
Qeneiee Group, 997 

Geneva, Lake of, 510, 520, r»21, 522, 524, 
625 

Geognosy, 4, 34 

Geological Books of Keferencv, 5 
Geologicfl' causes, no evidence of former more 
violent, 31, 75 ; alow action of, 74 ; may 
not always have been the same as now, 261 
Geological investigation, works on, 6 
Geological maps, 8 

Geological Record, 3 ; imperfection of, 841, 
868, 910 ; subdivisions of, by means of 
fossils, 843, 855 ; thickness of, in Europe, 
866 ; relative importance of sulnlivisions 
of, not to be judged by depth of strata, 
856 ; classification of, 861 
Geological science, history ot, 5 
Geological Society of London, 13 
Geological Survey of Groat Britain, maps of, 
8; discovers OleneUux-tmo in N.*W. 
Scotland, 883 ; work of, in Scotland, 794, 
883, 891, 893, 920, 950, 965, 1007, 1042, 
1070, 1137, 1194 : in Wales, 915, 945, 
1007, 1038, 1040 ; in the Midlands, 897, 
1049, 1091 

Geology, object ami scope of, 1, 14 ; natnre 
oT evidence require<l by, 2 ; cosmical 
aspects of, 4 ; Dynamical, 4, 260 ; Geo- 
tectonic or Structural, 4, 633 ; Pala-onto- 
logical, 4, 824 ; Stratigraphical, 5, 855 ; 
Physiographical, 5, 1363 ; Ex|>erimental, 
see Experiment ; treatises on, ,5, 6 ; works 
on applications of, 7 ; relation of, to Archie* 
ology, 1367 

Georgian Formation (Cambrian), 931 
Qeosaunis^ 1145 
Geosyncliues, 678, 1374 
Geotoetonic geology, 633 
OootetUhU^ 1118, 1137 
Otphyroceras^ 980 
Q^niwn^ 1257 

Germany, geological maps of, 8 ; Permian 
volcanic rocks of, 349, 1072 ; Triassic 
volcanic rockmof, 349, 1084 ; earthquakes 
in, 869, 362, 367 ; pre-Cambrian rocks of, 
901 ; Cambrian system in, 928 ; Silurian, 
976 ; Deyenian, 991 ; Carboniferous, 1054; 
Permian, 1072; Trias, ^1084 ; Jurassic, 
K63 ; Cretaceous, 1202 ; Oligocene, 1256 ; 
Miocene, 1267 ; Pliocene, 1293 ; glaciation 
of, 1806, 1808, 1334 ^ ^ 


Oervillia, 1088, 1116, 1169 
Geyserite, 196, 291, 315 
Geysers, 291, 316, 478 
“Giants’ Kettles,” 651* 

Gibbvla, 1284 
Oigantosauruft^ 1145 

j Gitthjfo {Sali«buria), 1028, 1112, 1165, 1223, 
1271 

Giraffes, fossil, 1278 
(iiriHinelltu 192, 933, 951 * 

Gisortia^ 1232 
GmocrinwK, 938, 957 
Givetien, 992 
Glacial Period, 1301 

Glaciation, nature of, 650, 1304, supposed 
evidence of among old geological forma- 
tions, 1001, 1011, 1016, 1020, 1060, 1057, 
1058, 1059, 1060, 1239, 1271, 1309 
Glacicres, 468 
Glacier-ice, 189, .535 

Glaciers, ice-dams formed by, 493, 543 ; 
origin, structure and motion of, 635, 536, 
538, .511 ; of Greenland, Alaska, and 
Antarctic regions, 537 ; of Alps ami 
Scandinavia, 538*, 641*; gneissoid band- 
ing ami plication of, 542 ; geological woik 
(»f, 544, 1386; transport of material by, 
644 ; erosion by, 648 ; amount ctf mud 
I produced by. 553 ; dejmsition of detritus 
by, 553 ; of Glacial Pcrioil, 1301 d seq. 
Ghnuiimt^ 1250 

Glaruer double-fold, discussion regarding 
the alleged, 677 

Gharniseh, struct are of the, 676* 

(Hams, tish-beanng shales of, 1258 
Glass, .specific gravity of volcanic. 70 ; in- 
clu.sions of, in crystals, 145 ; in volcanic 
rocks, 147, 153 ; higher silica i)ercentage 
in, 236, 746 ; characters of, 403 ; dovltri- 
tiention of, 407 ( w Devitrification) ; in 
dykes, 745 

Glassy, 89, 112, 131, 147, 196, 272 
Glaurtmio-, 1170, 1212 
Glauconite, 106, 166, 181, 242, 582, 627, 
1188 

Ghanconitic deposits, 181, 627, 1162, 1166 
Glauconitic Marl, 1182, 1188, 1190 
Glanconitisation, 177, 181, 627 
GUtucutiome, 949, 1022 
Glaucophane, 101, 784 
Olaucophane-eclogite, 253 
Glaucophaue-.schist, 252, 784 
Glekhfnia, 1165 
Gh'ichtnites, 1109 
Glengariff Grits, 1012 
Glenkiln Black Shales, 9^ 

Gldngei'iiia, 178*, 1086, 1166* 

Globular structure in igneous rocks, 196 

Globulites, 148 

Glossocfias^ 940 

Glosoopterisy 1059, 1066, 1085 

Qlossopteris flora, 1059, 1678^ 1080 

Glossozamiteo, d079 

Glutton, fossil, 1287, 1354 ^ 
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Olyeimeria^ 1233 
Oiyphtea, 1134 
OlyphioeenM, 1028, 1089 
Qlyptarca^ 922 
Olypt^U, ^7 
“Gl^tic" Period, 1349 
Olypticits, 1115 
OlypU^rinus, 938 
Glyptocystitfs, 938 
OlyptodetidruH, 937 
OlyptodoKy 1302 
Glyptognathm, 1107 
Glyptotepis, 1005 
Glyp/opomus, 987, 998, 1005 
Glyptosroyptus, 1031 

Glypiostrobifs, 1213, 1203, 1276». 1277*, 
1294 

Gneiss, gases in, 142 ; general clmracters of, 
255 ; b.'iuded structure of, 256 ; origin of, 
257 ; varieties of, 257 ; analyses of, 259 ; 
as a product of contact-nietaniorplusni, 
780 ; of regional metaniorphisni, 786 ; 
of the crystalline Bchist^ 809 ; eruptive 
origin of some, 872 ; original and younger 
forms of, 874 ; Archaean, 883, 895. 898, 
900, 902, 905. 906 
Gneiss-granite, 207 
Goat in Neolithic time, 1356 
Goffered schists, 780 
Golapilli Beds (India), 1160 
Goinp/utcrms, 959 
Gotiatodus, 1032 

Gondwana System, 1058, 1079, 1160 
Goud imnosau ru.s, 1079 
Gonidoulnii^ 1243 
GoHudifcH, 1023*, 1039, 1076 
Goniatitniilh, first appearance of, 986 ; 

waning of, 1082 
Oonioglyiyvs, 1107 
Goniomya^ 1116 
(iimiopholis, 1122, 1175 
Gonwphora, 961, 962* 

Gonuiphythun, 944 
Gonioptens, 1081 
Gonupygns, 1201 
Gooilnight Beds, 1299 
Goose, fossil, 1287 

Gopher, geological action of, 601 ; fossil, 1,317 

GwdonUi^ 1090 

Gorges. .See Ravines 

Gorgonichtkyx, 988 

Gosau Beds, 1205 

Gossan, 93, 818 

Graeuiiervs, 1179 

Graham's Island, 333, 339 

GtammiK'ems^ 113<^ 

Grammy 940 

Granite, crushing strength of, 71 ; essential 
and accessory minerals ,oi, 89 ; drusy 
cavities of, 90 ; gases conUined In, 142 ; 
description of, M3 ; bibliography of, 203 ; 
varieties, 2W ; Inalyses, 207 ; veins from, 
sometimes wiow glassy a#d spherulitic 
spructures, 20^ 209 ; weathering of, 208, 


455 ; modes of occurrence of, 208 ; ooiitaiiis 
minerals that conhl only have consolidated 
at coinjiarativoly low temperatures, 412; 
original condition of, 413 ; uum^r of 
cubic feet of. * ) one ton in air and in sea- 
water. 568 ; jointing of, 663 ; fusion |>olnt 
of, 717 ; Imsses of, 723 ; the oldest known 
rock, 723 ; of many ditfeivnt ages, 724 ; 
encKsures in, 724 ; marginal dilferences 
in structtire and texture of, 725 ; relations 
of, to surrounding rocks, 726 ; im'ectlon 
of, 728 ; ltt‘ptr ld permeation by, 728 ; 
connection of, with \olcauic rocks, 729 ; 
veins of, 739* ; foliation deveh»j>cd along 
segregation veins in, 742* : has not fused 
parts of adjoining rocks, though it has, 
nKsorlxsl them. 767, 776 ; contact-metM- 
morphisni produced by, 778 ;^uppose.l 
absorption of basic materials by, 780 ; 
origin of niinerul veins around masses of, 
809 

(•iaiiite-|x>rphyry, 208 
' (iranitell. 205 

1 (Jraiiitic (tiianitoid) stiuctuie, 128,151*. 196 
j Granitisation. 728. 781, 787 
! (Jramtite, 201 
j Granophyre, 206 

I Graiiophvric structure. 128, 129*. 1.51. 152, 
206 

j (iranular crvstalline, 128 
I (truiiular '>1 met lire, 130, 19t> 

' tiranulite (m Krem lj sense), 130. 151. 196, 
205 ; (in Knglish and tierinan sense), 130. 

I 21.5. 258 ; analysis of, 2rdt 
I (iraiinlitie struetniv, 130, 1.51. 196. 205. 
215. 218. 2.58, 7.S1) 
drape -seeds, fossil, 12.51 
drapliu’ struetuie, 128. 2t)6* 

4iia|)hite in meteorites, 17 *, minetalogical 
cliar.'icters of, 92 ; distribution of, 186 ; 
coal .altereil into, 771 ; in gneiss, 879 
Graphite-sclii.st, 250, 2.5t» 

(Snipt'dites, its chaiuetenst !<■ frtssils, 837, 
918 : pliylogeiiy of, 846 : earliest toniiH 
of, 911 ; tiguies of, 935*. maximum 
•levelopiiicnt of, 938, 945 ; hlratigTH|i!i|eal 
/ones determined by, 5138, 946, 917, 054, 
955, 959 ; successi\e extim lioii of taiiiilies 

of, 947, 954 ; final disapiM^araiice of, 959 
diaases, fossil, 1251 
“(.rauwjicke ” of older geologists, 933 
Gravel and 8auil Rocks, 160 
Gravel, 163 
Grax ity-faults, 702 
Graxitv measurements, 396 
Great Oolite Group, 1131, 1138, 1140 
Great Rift valley of East Af^ea, 700, 1381 
Givat Salt Lake, 446, 526, 529, 531 
Greece, geological map of, 10; volcanic 
eniption in tlird century Vc., 327 ; 
metamorphism in, 803 ; Cretaceous rocks 
in, 1206; Pliocene mammals of, 1294* 
Green as a colour of rocks, 139 
Greeulan * native^ Iron of, 17^ 9S« 235 ; 





uu 


cryolite of, 190 ; lubiidence of coeet of, 
892 ; effecti of frost in, 582 ; glaciers of, 
585, 586, 537, 589, 544, 553 ; icebergs of, 
578; Junusic rocks in, 1158; Cretaceous, 
1208 ; Miocene, 1271 

Oreen Mountains (New England), regional 
metamorphism in, 803 
Green mnds of sea-^ttom, 682 
Greensand, 166, 181 

Greensand, Lower, 1182, 1183, 1184, 1185 
— Upper, 1182, 1186 
^‘Greenstone,” 223, 233, 791 
Greenstone-schist, 261, 252 
Greiseu, 812 

Grenville Series of Ontario, 903, 904 

Gr^s Armoricain, 927 

Qr^s Bigarr^^ 1097 

Gr^ det^Vosgea, 1097 

Ureaalya^ 1116 

GrecUltti, 1230 

Grey as a colour of ro<;ks, 138 

Grey and red clays of ocean abysses, 683 

Greywacke, 165*, 166 

Greywackiyslate, 167, 172 

Grey Wethers, 165, 453, 464, 1233 

GriesbcbchUeSt 1107 

Griflfelschiefer (Silurian), 975 

Grigitkidea, 1023 

Grit, 164 

Gritty structure, 135 
Grorudite, 208, 221 
Grottos, 478 

Grouud-ice, 189, 633, 564 
Groundmass of igneous rocks, 128, 129, 
149, 152, 154, 216 
Ground-moraine, 546, 1309 
Ground-swell, 561 
Group or Stage in stratigraphy, 860 
arm. 1264, 1295 
arpphwn, 1116, 1117*, 1211 
Qaheliaii (Carboniferous), 1051 
Guano, 181, 626 
Guarauitic Group, 1218, 1244 
QtwiiMUea, 1107 
Gulf Stream, 558, 565, 577 
Gulls, fossil, 1254 
Gulo. 1287, 1354 ; 

Oymnitea. 1107 
aymmyraptua, 908 
ayinnoptychuay 1249 
Gympie ^ries (Queensland), 1058 
dypMula. 986 
Gypseous, 137 

Gypsum, 85, 86, 107, 189 ; modes of origin of, 
193 ; increase of volume in production of, 
from anhydrite, 400, 453 ; capacity of, 
for absorbiig^ water, 410; decomposition 
of, 451 ; solubility of, 462 ; precipitation 
of, 529, 580, 579 ; in sea-water, possibly 
the sopiloe of the calcium-cartenate .in 
marine organisms, 618 f^Pabsosoic deposits 
«df, 938, 977, 979, 1059, 1062, 1064, 
1071, 1072, 1077 ; Meeoxoic deposits of, 
1084, 1098, 1108, 1110, 1K8, 1165; 


Tertiary deposits of, 1287, 1241, 1259, 
1276, 1291, 1292, 1294 
Gypsum of Paris (E^ene), 1287 
Oyracanthu*, 998, 1032 
GyrocertUf 1062, 1067 
Oyrodea, 1211 
Oyrodua, 1122, 1173 
ayroUpia^ 1089 
ayronitea, 1106 
Gyroporella, 1086, 1102 
Gyroptychiua, 1005 

Hatlroaaurm. 1176 

Hsmatite, 90, 194 ; artiOcially formed, 413 
Hail, production of, 447 ; geological action 
of, 533 

Hakea, 1276*, 1294 
Haibgranit, 205 
Ilnlcyomia. 1226 
HiUioiia. 1245, 1300 
Haliaeritea. 984 
Halitherium^ 1256 
Halleflinta, 253, 259 
Utilloceraa. 986 
Ilalhpua, 1126 
HalobUi. 1088, 1161 
HaMon, 1179 
Htdonut, 1028 
HtdorUea, 1089 
Hafysitea, 987 
Hamiltou Grotip, 997 
Hamitea, 1171*, 1172 
Ilammatifccriis, 1151 
Hammers, geological, 110 
Hamstead Beds, 1250 
Hangman Grits, 989 
liaphKerna. 1172 
llaplocrinua. 984 
Ilaplacodon^ 1249 
IfapUiphlebiuniy 1038 
Hardella, 1297 

Hardness of minerals and rocks, scale of, 
111 

Hare, Alpine, 1354 ; fossil, 1249, 1271, 
1278 

Harmotome, 104 
IfnrpagiKlea, 1148 
Hurpea. 941, 986 
Harpules, 922 

Harpoceraa^ 1119, 1183, 1186* 

Harpoceras falciferum, Zone of, 1133 

Hartite, 185 

Hartshill Quartzite, 928 

Harzburgite, 241 

Hastings Sands, 1182, 1184 

Hastings Series (pre-Cambrian), 908, 904 

Hatohettite, 186 * 

ffaugfUonvh 924 

ffangia^ 1136 

Hauterivlen, 1196, 1197, 1204, 1206 
Hauyne, 103, 142 ; artificially formed, 418 
Hanyne-trachyte, 227 9) 

Hawaii, of, 40 ; literdbore of voloeaie 
geokjgy ot; 28S<; fhmaroles of, 269} 
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seasonal variations in eniptivity in, 282, 
288 ; eraptivo prioda in, 284 ; quiet 
eruptions in, 285, 294 ; lava-fountains of, 
298 ; forms of lava in, 299, 307 ; rate of 
des^nt of ^va-streams in, 300 ; liquidity 
of mva in, 301 ; slope of lava -sheets 
in, 305 ; flowing of lava into the sea 
tui, 309 ; lava - domes of, 328 ; crater- 
pit and iava-8^a of, 329 : height of vol- 
canic mass in,* 336 ; submarine eruption 
at, 339, 353 ; bulk and height of volcanic 
mass of 341 ; extinct cones of, 341 ; in- 
conspicuous sourees of lava-streams in, 
346 ; upraised coral reefs of, 382 ; dis- 
tance to which volcanic detritus i.s carried 
from, by the sea, 582 ; interstratification 
of lava-sand with coral detritus at, 617 
Hawthorn, fossil, 1287 
Hazel, fossil, 1287, 1338 ; geological history 
of, 1360 

“ Head ” of Southern England. 460 
Headlands, 55 
Headon Beds, 1250 

Hill or Barton Sands, 1229 

Heat, eouductioii of, in rocks, 62, 767 ; rela- 
tion of, to elevation and depresMoii, 392 ; 
elfects of, oil rocks, 399, 431 
Heave of faults. 695 
Heavy .spar, 107 
Ilrdicoivnui, 1142 
Hedekalk " of Sweden, 900 
I/edeniitra'miti, 1089 
Iledera, 1165, 1235 

Hedgehogs, early forms of, 1227, 1231. 
1254 

Heersiau, 1234, 1236 

Helderlierg Group (lynver), 977 : (f’piwr), 
997 

llelicoceras, 1210 
JJdictiteSf 1107 

Heligoland, diminution of, by breaker-judion. 

671 

Udioiae8,.m, 984 
Udiopora, 937 

Helium, in air, 36 ; in mineral spring-. 471 
Hdix, 1214, 1238, 1250, 1266, 1284, 1293. 
1337, 1362 

Jfdladothertum, 1267, 1278, 1295*, 1297 
Hdminthochiton, 940 * 

Helvetian Epoch in Glacial Period, 1313 

Sta(^ (Miocene), 1267, 1270, 1271 

Jltmiaspia^ 958 
Hemiader, 1168 
Memiddaris^ 1115, 1168 
JianicottniUM, 948 

Hemicryatalline atructure, 151*, 162, 196, 
272 ^ 

HemiejfcUupUt 961 
Dmiganusy 1243 
Hem,%p0d%na^ 1115 
1168 

Menipridii, 1178 • 

Hemiptera, fodll], 948 
Demiigekina, 1{78 


Hemiaphere, aouthero, preponderance of 
water in, 21, 57 

Hempstead Beds. Sec Uaiuatead Beds 
Henry Mountains, laccolites of, 736* 

Hepatic pyrites, ''98 
I/eidadjflis, 1086 
Heptodon. 1248 

Herbivora, great ilevelopmeut of, in Pliocene 
time, 1278 

Herculaneum, 271. 312 
Hercynian, 901, 993 
Herc’ymte, 97 
Herons, fossil, 1254 
lirr/n-sUit, 1254 

Herring, ancestors of the, 1173, 1258 
Hesltayun Loam, 1337 
IIe*}teroni is, 1 1 7 7 * 

I I tin acanthus, 988 
lletcrastrara, 1 1 33 
lUtntiftranchus, 1298 
Uctcriiceriis, 1192 
l/rfcroct'fns, 1267 
Jfrtn’ocnnns, 938 
IldfTohi/ns, 1227 
Iletffophhijiti, 1133 
JieternjMtra, 1115 
Iltfccttsfctfina, 1260 
i/ttntisiichns, 1175 
lietlangian Stage, 1151, 11. 'iS 
lleiilanditc, 101 
Ht'Xticnnns, 984 

Hcxactliiellid R|)Olig«‘s, fossil, 911, 913* 
Hickory, fossil, 1165, 1276 
Uifjhtca, 1223 
High-water mark, 557 
//ifdoctras, 1133, 1136 
Hills, <.rigiii of, 1381 ; of cin iimdenudation, 
1381 

Hils (Ncocoinian), 1202 
Himalaya Mountains. See under India 
J/tndiH, 937 
JlinnUes, 1283 

Ilipparinn, 1265, 1273, 1278, 12/9*, 1291, 
1295, 1297 
Jlifijedufm, 1297 
Hiptmjntdnim, 1116, 1117* 

Uipptputamus, 1267. 1278, 1297, 1360, 
1353; in Glacial Peri/id, 1317. 1336; in 
Itccent Peno<l, 1350, 1353, 1355, 1858 
Uippotheri urn, 1268 
nipiHdragus, 1297 

Hippurite Limestoms 1199, 1200. 1205, 1209 
HippurUcs, 1169*. 1170, 1199; extinction 
of, 1222 

llimant Limestone, 947 
Hisingerite, 105 
Hidioderma, 924 
UidiowAiUi 1147 
Historic Series of deposits, 1847 
Hoang Ho. River, W6, 689 
j Hoar-friMt, geologftal lotion of, 460 
’ Hoeferia, 988 
; Hotmeda, 1088 

I Hog, doiiiiitieaied,^io Neolithic time, 1856 
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Hogt fofwil, 1263» 1294 
Holaspis, 1005 
HolcuUer, 1168 

Holaster planus, Zone of, 1182, 1192 

subglobosus, Zone of, 1182, 1191 

Udectypiia, 1142, 1212 
Holland, geological map of, 9 ; alleged proof 
of changes of level in, 388, 390 ; sand- 
dunes of, 442 ; alluvial origin of, 516 ; 
Pliocene of, 1288 
Hollybush Sandstones, 923 
llobaia, 911*, 915 

Holocrystnlline, 127, 150, 151*, 196. 204*. 
272 

HotocysliSf 1167 
Nnloci/atiteSy 938 
Holoiiemt^ 1004 
mo})ef0diO, 949 
Holopella, 949, 1078 
Hohptychim, 987, 998, 1005, 1011 
JlubismiTus, 1216 
Holosiderites, 16 

Holothuridie, discovery of Carboniferous, 853 
HomacantkKfi, 1010 
Homihcecus, 986 

Homolouotus, 915, 958*, 9H3*, 985 

JIoiiKcndDH, 1243 

Homovixpim, 940 

HonumyHt 1142 

ILmmolus, 1173 

Hnnnistt'KS, 1005 

Homutaxis, 83s 

Honestone, 172 

Hoplitesy 1172 

Hoplites interrujitus, Zone of, 1182. 1187 
Hoplites lautus, Zimc of, 1182, 1187 
Hopbiporiu^ 1231 
l{iil>loph(»o'us, 1249 
Hoitlopfen/x, 1173* 

Honiiplemv, 1206 

Horizon, deliiiitiou of a jjaleontological, 860 
IIornl)ettni, fossil, 1224, 1287 
Honiblemle, 101, 109 ; aitifleially formed, 
413 ; ns a ('ontnel-minernl, 773 
Hornblende-andesite, 229, 231 
Hornl)lonile-gabbro, 232 
Hornl»lendo-rock, 101, 252 
Hornblentle-schist, 101, 2,52, 790; formed 
from ilolerite, 794, 889* 

1277 

Hornfels, 218, 251, 259, 774, 782, 783 
Hornschiefer, 226 
Hornstone, 195 
Horny texture, 133 

Horse, ancestral forms of, 1227, 1243, 1249, 
1265, 1271^ 1278, 1317; domesticated, 
in Neolithic time, 1356 
Horsts, 1867, 1371 
Hotting, lignite of, 1338 
Hottr-glaS*s shapes of inipute fragments in 
volcanic tuffs, 178» 

Human Pcrlotl. Recent 
Human records and traditions geological 
chauges,^ 387, 391 « 


H among acids, 450 ; geological action of, 
598, 612 

Humus, origin of, 427, 605 ; organic acids 
yielded by, 598, 599 
Hnngarites, 1089 « « 

Hungary, geological maps of, 9 ; largest lake 
of, 678 

Huroiiian rocks of I/igan and Murray, 376, 
902, 903, 904 , 

Huttonian school of Geology, 399, 733 
Jh/nmonchutf, 1249 

1278, 1287, 1294, 1297 
Ilyttnordos, 1264, 1297 
Hyamos, striped and sjjottetl, in Glacial 
Period, 1317 ; in Palieolithic time, 1353 ; 
in Neolithic time, 1358 
Ihinuictis, 1278, 1295, 1297 
4Iyn>,ioiio,i, 1227, 1249, 1265, 1297 
Hyalomelan, 235 
Hyalopilitic, 228, 106 
ifyolnstelitJ, 923, 937 
llyhocrinus, 938 
IlylHKliiH, 1089, 1122, 1173 
Hydaspiau stage, 1106 
Ilydaspifhei iinii, 1297 

Hydration of mhierals by rain, 453, 459 ; 

by undergrouml water, 473 
Hydraulic Umostone, 190 
Hydraulic ])ressurc of sea-waves, 569 
UydMt, 1207, 1238, 1254, 1268, 1292 
llydrocarboiis, 85, 86 ; of inorganic origin, 
*86 ; JUS mineral oil, and in gaseous form, 
185, 186, 318, 357 ; at volcanic vents, 
268, 357, 358 ; at mud -volcanoes, 318 ; 

I pos^ible sources of graphite in gneiss, 879 
ItydrnrqduihiH, 928 

Hydroclilonc ueul at volcanic vents, 268, 
313 ; in tlie magma, 809 
Hydrofluoric acid, use of, in petrography, 
116 ; in the subterranean magma. 809 
HydroHuosilieio acid in rock -investigation, 
118 

Hydrogen, jtrojiortiou of, in outer part of 
e.artii, 83 ; in pores of roc•k^, 85, 142 ; 
in meteorites, 17, 85 ; at volcanic vent-*, 
268, 338 

Hydro-metamorphism, 7 65 
Hytlro-mica-scbists, 254 
Hydrozoa, earlie.st forms of, 911, 938 
Ih/ffromiu, 1284, 1337 
IlylK^H-helys, 1147 
Jlybeosinn'iiit, 1173 
jlylcq^ton, 1038 
I Hyhnnuniaf 1033, 1068 
Hyfopleaion, 1 068 
HyiUfiuH'ari^, 914*, 91^ 
l/yiditheJlvs, 916 
HyoHthes, 913*, 915, 945 
HyoiHdamus, 1227, 1234, 1249, 1265. 1272 
HycpsfHlus, 1243 
Ifyotiitriimy 1254, 1268^^ 

Hypabyssal rocks of Rosenh^h, 197 
Hyperite, 235 
Hyptrmlaptdov^ 1089 


INDEX OF SUBJECTS 


Hypersthene, 102 ; artiHuial formation of, 413 
Hypersthene-andeaitie, 229 
Hypersfhenite, 232 
JJyperlrof/uluH, 1249, 1273 
^ypUl^rnorp^iic Ktruftuie, 151, 197 
Htfjjimim, 1249 

Hypnam, precipiUles .silica, 609, 610 ; prc- 
eifiitates calciuin*c.irb(>nale. 61] 
Hypocry.stalhiie, ^52 i 

llypogene action in geologx, 262 
IIy/K>thyn\ 9f<6, 1022 
JlypsilnjtlttHfon, 1173 
Jfi/psipri/ttt II itji, 1128, 1245, 1 300 

JIitpsucviiiiKs, 1113 

JJyptiiH'nuus 938 

J/yntchi/tifi, 1213, 1249 

J/ymaHimi, 1219, 1265 

J/yivrnthi'niini, 1227, 1231, 1243 : 

Jlystru, 1291. 1295, 1297, 1352 

Hythe Beds, 11.S5 j 

Ibis, fos.sil, 1254 

loc, inHuencc nf pnlar, on caith’s centic of 
gravity, 28, 378; ctlcct ol a tlii' k co\ii- 
ing of, in l<»wcring the iiogeoiherins, 61 , 
as a geological formation, 188; ^a^K•tles 
of, 189 ; iiiHuenr e ol >}iei‘ts ol, on laised 
beaches, 385 ; .slieits of, alleged to «'ause 
siibsideuce, 396, 1320 ; line particles of, 
erosion bv, 437 ; <lams of, in livers, 493; 
terreslrial, 531 ; lajis of, .53.5, 13o2, 1301; 
on the sea, .562, 571, 578; “fossil,” m 
A let If llnssia, 1339 
lee Age, 1301 

Icebergs, 1S9, 564*, 565*, 574, 578 
Ice-caps, 535, 536, 1302, 1304 
lee-foot, 563, 574, 578 i 

letdand, \olcanocs of, 277, 2''6, 295, 300, i 
342, 343, 347, 349 ; wind-li'tnic \oleanic I 
iliist from, 295, 4 15 , ge)ser<» of, 315. 316 : | 
submarine eruptions near, 333 ; fissure j 
eruptions in, 342; explosion ciatei in, j 
343; Teitiaiy basalt - plateaux of, 315, 
1260; siiiU'i' deposits of, 476 ; lagooii- 
baM of, 513 ; glacier mud of, 553 
Iceiiiaii, 1284 
Ichthyorrintis, 984 
/chthyfKfrdf-s, 1173 
Ichthyornis, 1178* 

Ichthyosaurs eliaracteri'slically McHo/oie 
fossils, 837 ; earliest tyi«*s of, 1089; ex- 
tiuction of, 1222 

IchtJiyomHriis, 1095, 1121*, 1122, 1175 
htiUvennm, 1278, 1294, 1295 
Idops, 1249 
Iddingsite, 105, 20V 
Idiomorphic, 89, 15* 

Idmonea, 1115 

Idocrase, 103 ; as a contact-mineral, 773 | 

Igneous Rocks, transitions of compositlott in, I 
187 ; characters of, 168, 196 ; structures 
and classification of, 196 ; symbols to 
express com^sition and slruiture of, 199, 
nomenclature gf, 201 ; families of, de- I 
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scrilieil, 203 ; rise of temperature from 
iutrusion of, 401 ; tectunio relations of, 
705 ; petrographical pruvinves of, 707 ; 
setpieiice nf, 706, 886 ; diflereiitiation in, 
710; caustic action nf, "10. 731, 775 ; 
crxstalhsation of, 715 ; chusKificatiou of, 
according to teclmiic relations, 719 ; in- 
Inisive, 719, 721 ; b(ss.si*s of, 722 ; contact- 
iiietamoiphism by, 730, 766 , niMuenoe of 
MU rounding r<K'ks on, 731 ; connection nf, 
with M-hi.sts, 731 : sills of. 732 ; laccolitea 
of, 736* ; xciiisand «l\kfs itf, 736 ; necks 
ol, 748 ; interstriit)lic«i or coiitt'iiiporane- 
ous, 719, 753 ; metannirpho.siHl, 766, 779 ; 
iiictainorphism ol, siiecinlly impiirtaiit in 
logaiil to the tlieory of metamorjilnsm, 
766, 785, 797 ; inHueiuT of, in scenery, 
1379, 1380* 

1147, 1173, 1174* 

llohte, 222 

Jf. <•, 116.5, 1217, 1262, 1276 
lltiacondK' slates, 989 
I fill iiofi{.i,i, 945 
I/ill, 941*, 946, 975 
Him idle, 96, 791 

Imitative inarkingH in .seilinientni v locks, 
911, 936 

Implements, charHcter.s of eailv hiuiiau, 
1318*, 1356*, 1357* 

I iiijilication-Htrnct ure, 1 28 
liictiiiHtioii of rocks, 667 
Indcrtsch, l.ake, 529 

India, geological map of. 10 ; niml xoli nnoes 
of, 318, 328 ; explosKUi-lake in, 325 , 
volcanic plateaux of^. 34(i ; eaithipiakes in, 
362, 366, 372, 373. 374. 376 ; rniidull in, 
41)1 ; laiidHlips of, 48] ; liver HoimIs of, 
494 ; mud in livers of. 495 , alluvial fans 
ol. 505 ; height ol snow line in, 534 ; 
effects of e> clones in, 562 
- l*re-('aml)rian rmks in, 906; t'am- 
brian, 933 ; Silurian, 979 : Ik-voumii. 997 ; 
Carboniferous, 1U57 ; iVrmnin. 107H ; 
’Frias, 1107; .lurassic, IICU; Cietaceous, 
1209; Koceiie, 1240; Mioi'eiie, 1272 ; 
riiweiie, 1296 ; former greater extent of 
gbieitTK in, 1345 

Imlian Ocean, volcanoes of, 347 ; uplieaval 
III, 622 

I miles. Hast, volcanic geology of, 27 li 270, 
294, 295 

West, 266, 273, 275, 279, 285, 330, 

341, 364. 3S1, 382, 622 
J ml onion, 1243 

Induration hh an eflV'ct of igneous iutrusiou, 
768 

Inferior Oolite, 1138, 1139 
lufra-Lias, 1094, 1096 
liifra-littoral deposits, 581 
Iiifra-Tougrian Htsfe, 1249 
lufusorial earth, 179, 640 
/nocau/is, 977 

jHOf’framnf nf 

1222 

• 
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loMCt-bedfl, 1133, 1144, 1163, 1250, 1270 
loiecto, foMil, 943, 1008, 1082, 1069, 1078, 
1120*, 1188, 1141, 1147, 1168, 1248, 1260, 
1257, 1270 

Interglacial beds and periods, 1803, 1312, 
1338 

Intenertal structure, 161, 152*, 168 ; arti- 
ficially obtained, 406 
Interatratified Igneous Rocks, 719, 753 
Intrusive Rocks, 719, 721, 732 
Inversion of rocks, 676 
Iodine at volcanic vents, 269 
lolite, 103 

lone Formation, 1272 
Iphidea^ 915 

Ipswich Formation (Queensland), 1161 
/m, 1262 

Iron iu%eteoTitca, 16, 93 ; probably forms 
one-lialf of the whole hulk of the earth, 
73 ; proportion of, in outer part of earth, 
83, 84 ; conibinatioiiH of, 84 ; native in 
some volcanic rocks, 85, 235 ; oxides of, 
86, 96, 187, 612 ; carbonate of, 85, 91, 

107, 187^ 194, 196 ; sulphides of, 86, 96, 

108, 648 ; titanic, 96, 791 ; sulphates of, 
96, 472 ; chief colouring material in 
nature, 138, 139, 164 ; phosphate of, 
107, 187 ; specular, at volcanic vents, 269, 
807 ; chloride, at volcanic vents, 269, 
807 ; disulphide as a petrifying medium, 
474 ; disulphide in iharine mud, 582 ; 
solution of, by sea-water, 566 ; precipita- 
tion of hydrate of, on sea floor, 680 ; 
elimination of, by organic acids, 612 

Iron Section of Prehistoric Series, 1347 
Ironstone, 96, 107, 186, 194 ; origin of 
oolitic, 177, 187, 192 ; search of, for 
fossils, 852 

Irtisch, River, affected by earth's rotation, 23 
laaslmoj 1086, 1114* 

Iacik(uiiten, 937 

Ischia, island, 278 

lacknacanthtis, 1006 

Jachyodiui, 1142, 1192 

laekyrotnys, 1249, 1260 

laculitea, 1107 

JatcMophtis, 1243 

Islands, fioatiug, 492, 006 

Isobases (linos of equal deformation), 386 

Jtoamim, 1116, 1169, 1267 

IsQchilina, 941, 1006 

Isoclinal folding, 678 

laocrinus, 1133 

laogeotherms, 61, 62, 893, 395, 396, 399, 
412 

Iiopods, fO8silMll20 
laostasy, 897, 1366 
IsotettUy 952 
Isotropic tiginerals, 125 

1i29S f* 

laprichthya^ 1266 ' 

Itacolumite, 249 

Italy, geological map oi; 9 ; volqeuic action 
in Cen^ryf, 278, 281, afi2 ; crater lak^ of 


Central, 324 ; earthquakes in, 869, 862, 
865 ; changes of level in, 882, 388; blood 
rain in, 444 ; advance of coasts of, 616, 
517 ; lakes of, 618, 621 ; petrographicai 
province in, 707 * , # * 

It^y, Cambrian system in, 929 ; Silurian, 
977 ; Carboniferous, 1055 ; Permian, 1076, 
1076 ; Trias, 1099, 1105 ; Jurassic, 11S6; 
Cretaceous, 1206 ; Eocese, 1240 ; OUgo- 
cene, 1259 ; Miocene, 1271 ; Pliocene, 
1291 ; Pleistocene, 1338, 1345. See al$o 
under Etna, Ischia, Lipari Islanils, Phlp- 
grtean Fields, Vesuvius 
Ivy, fossil, 1166, 1209 
Izalco, birth and -growth of volcano of, 277, 
279 

Jackson Beds (Eocene), 1242 
Ja<le, 252 

Jakntiau Stage, 1106 

Jamaica, geological map of, 11 ; earthquake 
in, 364* ; upraised coral-reefs of, 382 
Janassa, 1049 
Janirn, 1194, 1292 
Jan Mayen, 341, 347 

Japan, geological map of, 10 ; geological 
literature of, 283 ; graphite schist of, 
250 ; position of volcanoes in, 279 ; sea- 
sonal variation of volcanic energy in, 
283, 284 ; volcanic eruptions in, 291, 292, 
294 ; linear trend of volcanoes of, 841, 347; 
earthquakes of, 360, 361, 362, 363, 364, 
36.5, 360, 368, 370, 371, 372, 374, 376, 
376 ; warping of land in, 380 ; upWval 
in, 382 

Pre- Cambrian rocks in, 906 ; Trias 

of, 1107 ; Jurassic, 1160; Cretaceous, 
1209 ; Eocene, 1239 
Jujr)ni(ea, 1107 
Jasper, 167 

Java, zone of invariable temperature in, 61 ; 
volcanic phenomena ot, 271, 278, 312 ; 

“ valley of death " in, 314 ; linear direction 
of volcanoes in, 341, 347 
Jaws, lower, not infrequent as fossils, 826 
Jeri>oa, fossil, 1352 
Jet, 1132 
Joannitea, 1107 

John Day Group (Miocene), 1273 
Jointed structure, 136 

Joints, 423 ; experimental imitatiou of, 428 ; 
afford channels for underground water, 
466 ; importance of, in the erosion of 
gorges, 500 ; give rise to vertical sea- 
clifl's, 572* ; sometimes produce over- ‘ 
hanging cliffs, 573* Min stratified rocks, 
636, 659, 1378* ; detailed account of, 
658* ; Daubrra’s classification of, 668 ; 
dip* and strike-, 660 ; in recent ooisd-tock 
aKd lacustrine clays, 661 ; origin of, 
661 ; in igneous roel^ 66% 1879 ; in 
schistose rocks, 664 ; infinenee of, in 
scenery, lf79. 1881, 1884 
Jolly's spring-balance, 114- 
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Jorallo, 308 
JM2a}ua, 940 
1107 

^tandUes, 1285 
Vugiai^, 1161^, 1252, 1262 
Julian Qronp, 1106 
Juniperus^ 1165 

JuruMountainn, sections across, 1368, 1369 
Jura, White or Malm, 1153, 1154 ; Brown 
or l^ogger, 1154 ; Blaclc or Lias, 1154 
Jurassic system, metaniorphisni of parts of. 
784,803,804 ; account of, 1111 : Hora of. 
1111 ; fauna of, 1113 ; geographical «listn- 
bution of, 1128; in Eurojic, 1128, 1181 ; 
in Britain, 1131-1147 ; in France aiul the 
Jura, 1147; in (lerniany, 1153: in the 
Alps, 1155; ill the Metliterraiieuii liM>in. 
1156 ; in Uussia, 1157 ; in Sweden, 1158 ; 
in the Arctic regions, 1158 ; in America, 
1130, 1159 ; in Asia, 1130, 1159 ; in 
Africa, 1161 ; in Australasia, 1161 
Juvavian Stage, 1101, 1106 
Juravites, 1107 

Kaehiuja, 1297 

Kainite, 190 

Kalksilicathornfels, 251 

Kamea, 1323, 1330 

Kampccoris, 1003, 1010 

Kangaroo, fossil, 1299 

Kaolin, 98, 104, 147, 167. 168, 452, 455 

Kattlinisation, 104, 812, 81 8 

Kaolinite, 105 

Karharbari tlroup, 1079 

Karoo Series (Africa), 1079, 1090, 1109 

Karreufelder, 454 

KaaauH Group, 1241 

Katoforite, 221 

Katrol Group (India), 1160 

Kayscrelfa^ 986 

Kayseria, 986 

Keisley Liinestone, 950 

Kekenodon, 1261 

Kellaways rock, 1131, 1142 

KenUllenite, 217 

Keokuk Group, 1061, 1062 

KtppUriits^ 1 1 1 9, 1 1 42 

Kepplerites calloviensis, Zone of, 1142 

Keraierpeton^ 1033 

Keratophyre, 219, 220 

Kerosene-shale, 185 

Kersantite, 219, 224, 225 

Keuper (Trias), 109 U 1096 

Keweenawan, 904 

Kieaeignbr, 179 

KiMeltchiefer, 167,^49 

Kieaerite, 190, 1074 

KUauea. Su Hawaii 

Kilimanjaro, 905 

KilUui.209 

Kiltorcan Beds, 1(^2 

KimeridgUn, ^81, 1145, 1148. 1163, 1155 
1166, 1167 

Kiuderhook Group, 1062 


Kinyenn^ 1168 
Kinxigite, 253 
KioniH'rras, 940, 986 
Kirkhy Moor Flag**, 964 
Kirkbya, 1028 
Kirtbar Group, 1241 
I Kites, fossil, 1254 

Kji»kkeii-m«Mldinger or refuse heaps, 1360 

Klein's Holutum, 115 

AVnv/oim, 941, 9>‘5 

Kiiorrut, 1012, 1035. 1077 

Knotted schist (Kuotenschiefer), 248, 773, 

I 779. 781 
! Kohlttukeu{»er, 109»1 
; Konwf'kdht, 1116 

Kounfkinti, 1103 

j h'fninch>cuttiris, 1021 
I Kovseii Beds, 1101, 1101 • 

I Krakiitoa, eiujdion of, 290, 293, 29.5, 369, 

: 445 

j Krypt«»n in air, 36 
I Kugeldioiit, 133*, 224 
I Kulaite, 237 

j Kuplcrschicfer, 1064, 10<18, 1072# 
i Kill lie ihlandis 279, 336 
Kutmyjiuti, 915, 950 

KvaniVs * 108 ; in conlact-inotainorphisnu 
; ‘773. 797 

1 Kyaiiite-rock, 253 

j l«ibradorite, 99 
j I,abra<lor-|H>rph)rv, 233 
; Lal»ra«lor-iock, 232 
> 12:i5 

! Lnbyriiithodonts, 1033, 1068, 1089, 1090, 
1094, 1107 ; disappearance of, 1122 
liOccolites, 723, 736* 

I /yifv o/y^ris, 1 08.5, 1 1 1 2*, 1 1 9H 
j Laciuu Group, 1106 
j Ltu'tniu, 12>‘2 

I I,acu»lniie Limestone, 177 
! Ladiniau Stage, 1106 
I Laekentau, 1234, 1237 
' La taps, 1176 

1 I^afayette Group (Pliocene), 1298 
937, 1020, 1166 
Luyotiiys, 1352 

' Lagoons 510, 581, 1015, 1025 
; Ijigrange Beds, 1298 
' “I^ake Agashi/,” 38.5, 524, 1343 
I Lake Balaton, 518 
I *-Uke Bonneville," 524, 526, 1343 
! liuke Champlain, marine terraces around, 
i 1345 

I Lake Elton, 529, 530 
Lake Erie, area of, 1343 
I Lake Huron, deformation ofdaud at, 387 ; 
1 area of, 1843 
Lake InderUch, 529 . 

«*Uke Lahontan/^24, 527, 631,1343 
lyoke Michigan, deformation of Umd around, 
.387 ; sand dunes of, 443 ; area oi^ 1343 
I^ake Onta^^, area of, 1343 ; marine terraces 
o|, 1345 
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jake Superior, area of, .1348 ; old terraceii 
of, 1345 

Liake-dwelliugs, 1360 
[jake*marl, 177, 524 
Lake-ores, 186, 187, 524, 612, 812 
Lake-terraces, 525, 526 
Lakes, four causes of, 1885 ; formed by lava- 
streams, 808 ; due to volcanic explosions, 
324; caused by earthquakes, 372, 374, 
375, 377 ; waters of, sensitive to earth- 
quakes, 374 ; difference of water-level in, 
caused by attraction of mountains, 378 ; 
deformation of basins of, 386, 387 ; 
shallow, eroded by wind, 457, 519, 604 ; 
sand-dunes of, 443 ; wave action in, 446 ; 
level of, affected by wind, 446 ; due to 
subsidence arising from subterranean solu- 
tion oflbek, 477, 619 ; caused by irregular 
decay of 8ii{)ertlcial ruck, 458 ; filter rivers, 
498, 610, 522 ; river deltas in, 509 ; are 
exceptional in general circulation of water 
over land, 518 ; of fresh water, 519 ; 
abundant in northern part of northern 
hemisphA-e, 519, 1323, 1386 ; various 
types of, 519 ; formed by deformation of 
land-surf^oce, 519 ; caused by landsli|)s 
and moraines, 520, 556 ; seic^ in, 520 ; 
distribution of temperature in, 520 ; geo- 
logical functions of, 521 ; equalise climate, 
521 ; sedimentary deposits of, 522 ; waves 
and shingle of, 523* ; chemical deimits 
of, 524, 529 ; special fauna and flora of, 
524 ; due to former ice-dams, 524, 543, 
1321, 1382, 1343; are oT comparatively 
recent origin, 525 ; effacemeut of, 525 ; 
terraces of, 525, 526* ; salt, 190, 525 ; 
bitter, 525 ; frozen, 532 ; due to glacial 
erosion, 552, 1324, 1386 ; deepening of 
some shallow, by wallowing animals, 601 ; 
preservation of remains of terrestrial faunas 
and floras in deposits of, 826 ; proofs of 
former existence of, 833 ; sometimes due 
to irregularities in the surface of drift, 
1334, 1885 ; summary of causes that have 
formed, 1385 ; late origin of existing, 
1386 

Lttkhmina, 933 

Laki, Assure eruption of, 342* 

Lanibilotherium, 1243 

Lamellibranchs, fossil, 914*, 915, 940, 1021*, 
1022, 1066, 1088, 1116*, 1169* ; become 
predominant mollusks in Triassic time, 
1088 ; great increase of, in the Jurassic 
period, 1116 
Laminse, 634, 860 

Lamination, 186, 636 ; contorted, among 
regular strata, 637 

Umifa, 1173, 1226*, 1255, 1269, 128^ 
Lam%odu^SS7 
Lamprophyre, 219, 220 ^ 
lat^rkuh 942 

Land, traces of the most ancient, 21 ; area 
of, on globe, 47 ; average heij^t of, 48, 
49 ; height afil deepest bol^w > 


on, 49 ; contours or relief of, 50 ; coast- 
lines of, 54 ; surfaces of, why rare moBg 
geological formations, 388 ; indicationa of 
former greater elevation of, 391, 1802; 
preservation of remains of fl<Ai and fauna 
of, 826, 832 ; surfaces of, recorded by 
fossils, 833, 987, 1006, 1073, 109?, 1303 ; 
chiefly formed of murine sediments, 13^4 ; 
owes its existence to displacement, 1364 
Landeniau, 1234, 1236 
Landscape-marble, 649 
Landslips, caused by earthquakes, 372, 480,; 
from action of underground water, 480 ; 
varieties of, 480 ; influence of, on rivers, 
493 

Langhian Stage, 1267, 1270, 1271 
Idiodun, 1159 
Laopteryx, 1127 
Laornis, 1179 
Laosaurus, 1159 
Laotira, 912 
Lapilli, 172, 273 
Lapioorthura, 939 

Laramie (Lignitic) Formation, 1214, 1244 

Larch, fossil, 1338 

iarus, 1254 

Lasanixts, 942 

Lasiogmptus^ 938 

Lastrfva, 1245, 1251 

Laterite, 169, 457 

Laterisation, 169 

Latian volcanoes, first eruptions of, in Plio- 
cene time, 1292 
Latite, 228 

Laurdahte, 221, 223, 707 
Laurel, iossil, 1165, 1204, 1276 
Laureutiaii rocks, 868, 876, 878, 882, 902, 
903, 904 

Laurophyllt/m, 1165 

l^urus, 1206, 1230, 1247, 1262, 1292 

Laurvikite, 217, 707 

Lava, definition of, 272 ; general characters 
of, 272 ; not always emitted in an erup- 
tion, 285, 291 ; hydrostatic pressure of, 
286, 296 ; varying viscosity of, in relation 
to force of explosions, 294 ; outflow of, 
296 ; large subterraneau reservoirs of, 
298 ; form of surface of, 299 ; rate of 
flow of, 300 ; tunnels in, 300, 807 ; size 
of streams of, 800 ; varying liquidity of, 
301 ; clinkers of, 302 ; crystidlisation 
of, 302 ; temperature of, 304 ; inclina- 
tion and thickness of streams of, 306 ; 
structure of streams of, 306 ; vapours and 
sublimations of, 807 ; slow cooling of, 
307, 310 ; effects of, f\ superfleial waters 
and to])ography, 308 ; weathering of, 
310 ; cones or domes of, 328 ; snbmarine, 
339, 341 ; sandstone dykes in, 665* ; in- 
te/balated in geological formations, 758, 
759, 761, 880, 910, 931; 982, 1001, 1008, 
1041, 1043, 1064, 1252 ;rancient sub- 
marine, 756* ; ancient subMrial, 758* 
Lava-cones, 328 
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Xnw, 1024, 1081 
Jj$cunUe$t 1089 
Ueffthminiu, 984 
Leda {Nuculana), 940, 1281, 1316 
^*'Leda (Yoldia) M valU Bed,” 1281, 1288 
Lede!9chlef«*nsilurian), 975 
‘‘Leeseite” i» glaciation, 1804 
Leg(f4)noiu3, 1094 
Leiodon, 1175, 1246 

Lemming in GUv.uil Period, 1315 ; in the 
Paleozoic fauna, 1354 

“Lemuria,” s supposed former terrestrial ! 
area, 390 

Lemuroiila, fossil forms of. 1227. 1229, j 
1237, 1243, 1255 ; 

Lenham Beds (Pliocene), 1281, 12S2 | 

LenitOy 1237 ! 

Leopard in Glacial Period, 1317 ; in Pala'O- | 
lithic time, 1353 I 

IjepaiWriiiuti, 938, 957 j 

LfperditfKu, 941 ! 

UperilUut, 940, 941, 985, 1023, 1031 j 
Lepdopsis, 940 
t^pidader, 939 
Lfpidorfntrun, 984 
Lepidocidtt riit, 1021 
IjepidiK'olenft, 941 

Lepidodeudra as characteristic fussils, S37 ; 
earliest traces of, 936 ; CarlMiiiiforous tie- 
velopmeiit of, 1028 

LepuifHlendvoH, 991, 1002, 1026, 1028. 

1029*, 1066, 1085 
Lepidolite, 100 

IjfpUhphlniDSt 1028 

Lepulopfn/Uu)ii, 1035 
Lepiditpteriit 1085 
Lepidiipus, 1258 
lepidodrdnis, 1028, 1029* 

Lepidotosa m rm, 1071 

Upidotus, 1089, 1122, 1173 

Le}rrcdu(, 1277 

LeptMi'rtdfu'niDU, 1249 

UptxMi, 933, 939, 986, 1022, 1078, 1136 

Leptauchenia, 1249 

l/ejdella, 915 

Leptinolite, 780 

LepUdHMiy 1297 

Leptochlorites, 105 

Leptoclases, 658 

Leptode^ma, 986 

[jtpittdmu 1278, 1295 

Leptogmptm^ 938 

Leptoleputy 1122, 1144 

Leptopldfvni, 1002 

Leptoptilus, 1297 

Leplareodit/n, 1243 

Laptynite, 258 

Lepw, 1293, 129. 

Letteukohle, 1096 

Leucite, 100, 147, 237 ; artificial produc'^ -i 
of, 404, 413 
Leacite-basalt, 287« 

Lencite«ba8anitil 237 
Lencite-phonolite, 227 
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Leucito-tephrite, 287, 289; artifltial |iro» 
doction of, 404 
Lencite-trachyU, 228 
Leucoxene, 97, 147, 701 
l..«vantine Stage, ^294 
LeveLcourite in mining, 671 
Lewisian gneiss, 882, 883 ; dykes of sand' 
stone in, 665* ; straligrapliieal position 
of, 793* ; early defortualion of, 794 
Llierzolite, 241, 243; metamorphUm by, 
784 

Lias, Kertions at base of, 649*, 652*, 1094 ; 
inetaiiiorpliism of, 784, 803 ; account of, 
1131 1132, 1151, 115.5, 1156. 1158, 

1159, 1160, 1161 
IaMIuUi, 1133 
LdHH^tdrus, 1257, 1262 
Liburuiau Stage, 1240 
Lirhupytie^ 922 
l.u'hn.%, 941, 985 
I.u'hnioUff*, 912 
Lichens, solvent action of, 598 
Life, organic, as a geological factor, 697 
Ligcnen. 1196, 1200 ^ 

Light, pidarised, in j>etrographicl! research, 
125 

Lightning, geologiital action of, 432 
Lignilites. 420 
Lignite, 182, 184 
Ligurian Stage, 1258 

Lm/ki, 1078, 1096, 1116, 1117*, 1169, 
1232, 1261 
Umujc, 1287, 1362 
Liniburgite, 240, 243 
Lime, projMirtion of, in earth's crust, 87 

carbonate of. *Sce Culcium carbonate 

— ]»hosphate of. ,S!er Calcium phosphat 

sulphate of. #Vtr Calcium siilpiiate 

Liiue-sihcate rocks, 2.51 
Limestone, flushing strength of, 71 ; im* 
purities of, shown on weatliered surfaces, 
110, 454 ; crystallnie structniT. of, dm to 
inOllratioii of calcite, 1.56, 176, 178, 474, 
617, 624 ; of organic origin, 176, 525 : of 
chemical origin, 190; hydraulic, 190; 
fetid, 191 ; crystalline, 250 ; heat evolved 
by. 111 ciiishing, 401 ; experiments in 
crystallisation of, 402 ; ex)M:riments in 
deformation of, 421 ; convcisiou oU into 
dolomite, 426 ; formed by js'rcolating 
raiii'Water through calcareona sand, 444 ; 
solubility of, in carlM>iiale«l water, 451 ; 
rate, of waste of, 452 ; weathering of, 454 ; 
fresh'Water, 525, 605, 611 ; sometiiiies 
formeil of calcareous silt which lias been 
triturated by worms, 601 ; formed by 
shelMianks, 613 ; formed lly corals, 615 ; 
distribution of, 615 ; consolidation of. 
ooinparatively rapid, 624 ; cotuniouly 
Associated with shale, 650,; 4)#niUtenee 
of, 651 ; join^ in recent coraL, 660 ; 
•Iteration of, into mitrble, 772 ; search^f, 
for fossils, 852 ; lenticular character of 
PfebeozoH; 950 ^ 


timnm, 1214, 1288,^2^, 1270, 1284, 
1888, 1862 
tmiurpeto% 1068 

Liroonite, 96, 169, 186, 187, 194, 612 
Umopsit, 1088, 1282, 1261, 1267, 1288 
limpet, earliefit forms of, 916, 940 
JLindodnmellot 985 
lAndottmmia, 955 

Lingula, 989, 948*, 962*, 985, 1022, 1081, 
1071, 1096, 1136, 1183, 1283 
Lingula Flogs, 921 
Lingidella, 914*, 915, 921, 945 
Lingulepit, 915 
Lingulina, 1057 
Linyulocarig, 915 
Linmrsitonia, 915, 950 
Zinum, 1257 
Lio&trdfam, 1244 
Lioeeras, 1138*, 1139 
Lioceras opalinnm, Zone of, 1138, 1139 
Lion, in Olaclol Periml, 1317, 1336; in 
Palwolithio time, 1353 ; in Neolithic 
time, 1358 
Lioatracuiy 915 

Li pari Islands, volcanic literature of, 276 ; 
petrograpiiical sequence in ertiptions at, 
850. Stromlnili, Vulcauo, Vulcanello 
Liparite, 210 ; forms domes, 329 ; artiflei- 
ally formed, 406 
Liparofrras, 1133 
Liporoceras Henley i. Zone of, 1133 
Liquid vesicles in rocks, 143, 144* 
Liquuiamhur, 1231, 1262*, 1276, 1292 
Liruulemlroit , 1230 
Lithia-mica, 100 
Lithionite, 101 

Lithium, proportion of, in outer part of 
earth, 83 ; comhinations of, 87 
LUh(H'.aftiiKw, 1237 
Lithocluaes, 658 
Lithold, 128 

Lithological characters as a basis of strati- 
graphical classitication, 656 
Lithology, 82, 140 
Lithophyse, 132, 211, 7l8 
Lithonus, 1226 

Lithosphere, characters of the, 47, 82 ; 

deformation of, 374, 380, 381, 386,- 887 
Lithostrotion, 1017*, 1021 
Lithothamniam, 1201, 1268 
LUopterna, 1278 

Lii-pardii permeation by granite, 728, 780, 
781 

Littorina, 1163, 1286, 1333 
littorina Perioii or Group, 1333 ; migrations 
of plants im 1361 
LitnUes, 920, 940, 962* 

Livingstone Formation, 1214 
Liiards, fq^il, 1271 
Uandellh' Group, 945, 943 
l 4 i>mdovery Group, 646, 953 
“Uruvlrn Group,” 946 
Loam, 168, 460 „ 

lowers, ^(l?9 V ^ 


Lodes. iSfee Mineral veins 
Loess, 169 ; obaracter and diitribngMi 
489, 1351 ; theories regarding cn^ 

440, 460, 1352 ; place of, among Paloo* 
lithlc deposits, 1361 ; faunsp found^foesU 
in, 1352 ; alleged human remains from, in 
Kansas, 1361 
Loganograptm, 932, 946 
LmatopUris, 1133 n * 

Lonar Lake, 325 
LonchopUna, 1035, 1085 
Londinian or Ypresian, 1234, 1285 
London Clay, 1229, 1281 
LongmyndiiUi, 896 
Longobardian Group, 1106 
Longulites, 148 
Lonsdaleia, 1021 
Lophiodim, 1227, 1234, 1255 
Lophiomeryx, 1249 
Lophioshinus, 1192 
Ltminthus, 1248 
Loi'ioliiatrrt 984 
Lossmiiuclicn, 439 
Lotoriim, 1282 
Loup Fork Beds, 1273 
Lovfnid, 1245 
Low-water mark, 557 
Lox(K'em.% 940, 986 
Loxodon, 1297 

Loxnlophodon {Cinlalherium), 1229 
Loxonmu, 1033 

Loxniiema, 959, 986, 1023, 1078 
Lucerne, Like of, 510 

Lucina, 1078, 1183, 1209, 1225*, 1258, 
1267, 1277 

Lmlmn (Eocene), 1234, 1237 
Ludlow Group, 945, 9.53, 959 
Ltuiungia, 1138*, 1139 
Ludwigia Murchison*, Zone of, 1138, 
1139 


Luitlia, 1133' 

Lumachelle, 177 
Lustre of rocks, 1 39 
Lustre-mottling, 189 
Lutetian, 1234, 1236 
Lntm, 1254, 1285, 1287, 1297 
Lyi’hnua, 1202 

Lycophrisy 1287 . . 

Lycopods. some coal mostly formed of, 
183* ; fossil, 837, 936, 991, 1002; 1026, 
1028, 1029* 

Lycoaaunia, 1090 
Lycyftiua, 1296 
Lydian stone, 167, 172, 249 
Lydite, 167 

LyginndendtvUy 1035 * 

Lygodiiun, 1165, 122r, 

Lynton giouju, 989 

Lynx in Glacial Period, 1317 ; in Pabeolithio 
i'rae, 1353 

Lyra, 1168 , 

Lyria, 1232, 1257 
LyfUfcrinuii 938 
LyndiMma, 940 « 
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Ijftoeera*, 1100, 1110, 1183, 1188*, 1188*, 
1189 

Lytoo4bs jorensc, Zone of, 1138 
IVtoUmd, 1281 
• im, 1078 

Maeacus, 1293. 1297 
Maecalubas, 318 
Mmhferaeantkuf, 988 

JdachairodM, 1283, 1278, 1287, 1294, 1296*. 
1297 

Mackerels, foEhil, 12A8 
Maclurea, 915, 940 

Maeotna {TelUtm), 1284, 1299, 1316, 1330* 
MacrocephnlUes, 1138* 

Macrucephalites maoroceplialu.s Zone of, 
1138 

Maci-ocephalites subcontractus, Zone of, 1138 
AfacrocheiluJit 940, 986, 992 
Macrorhttina, 1028 
Macroctfpns, 941 
Macn»ri/st»>lf<i, 912 
Ufacroiiim^ 1078 
Macwmerwn, 1068 
Macroinerite, 128 
MacruueJt, 1298 
MiKYopettUiclUhpt, 988 
Macrojamia, 1173 
Mttcropus. 1299 
Macroitcaph iles, 1172 
Macroscopic characters of naiks, 109, 127 
Af(U’rogmtuj, 1147 
Mfwroittafhya, 1012, 1028 
Macro -structural, micro -.structural, lueta- 
morphism, 765 

Macniftt nioptfrUt 1109, 1133 
Macrotherium, 1263 

Macrura, supiKDseil fossil, 1024 ; Tnassic, 
1087 ; Juras.sic, 1119 
Mactra, 1215, 1245, 1268, 1277 
M(tdrfp(n'a, 1242 
Maeiitwrog Flags, 921 
Maestrichtien, 1196, 1202 
Mc^as, 1168 
iiagimUa, 1245 
Magdalenian iSeries, 1349, 1355 
Mag^Jlania, 990 
Magellanian Series. 1244 
Magila, 1119 

Magma, within the earth, comUtion and 
temperature of, 72 ; Durocher’s sjrecula- 
tion as to the distribution of, 88 ; differ- 
entiation in a, 80S, 350, 710, 712, 713 ; 
sequence of petrographic types emitted by 
a, 339, 349, 706, 886 ; source of eruptive 
energy in, 353 ; ^ews as to the constitii- 
tiott of, 718 ; sejlration of ores Axmi a. 
808. 810 

Magma-basalt, 240 
Magmatic ores, 808 
Ms^esia, carbonate of, 107, 176 
Magnesia-inicii, lOf 
MagMsian limAtone, 193 • 

Limestone (Jwinian), 1070, 1071 


Magnesiuin, proportion of; in onUr part nt 
earth, 83, 87 ; combinations of, 85 
Magnesiuni-hromUieia ssa-water, 46 ; in salt 
lakes. 629 

Msgneeium-chlonile in sea-water, 46; pro* 
motes subsidence of sediment, 492 ; in 
bitter lakes, 629 

Magnesium-sulphate in sea-water, 46 ; in 
solution promotes subsidence of roml, 498 
Magnetic iron-ore, 96, 195 ; artificial, 413 

pyriU-H, 108 

Magnetism of rooks 115, 140 
Magnetite. 96, 196 

MagmJio, 1165, 1228. 1252. 1263*. 1276 
Maiacolite, 102 
Mala<'olite-rock, 261 
MtUtiftfenit 1149 

Malay Arohiiielago, 61. 271, 278,412, 314, 
:.!41, 347 
Miilignite, 222 
MotfoliiH, 1344 
Malm or While Jura, 1153 
Maltha, 186 
Malvern Quartzite, 923 
Mammiilia, pal«fcoiitologi(.al value oi, ooo, 
1220; fossil forma of, 1083, 1091, 1127, 
1128*, 1147, 1179,* 1226*, 1228*. 1284, 
1235*. 1248, 1263, 1264*, 1265*, 1273, 
1278*, 1279*. 1295*, 1296*, 1299, 1316*, 
1317*. 13.68*, 1364* ; considered as a 
Imsis for rttratigra]>hical claasilloation, 

! 1220, 1284, 1243, 1248, 1278, 1290; 

gi'cat advance of, in Tertiary time, 1222, 
1226, 1291 ; effect of Glacial Period on, 
1222 

MainvntrK, 1172 

Maininoth. 1316*. 1316 ; pieaervation of 
oaroases of, in frozen soil, 826, 830, 1339; 
climate indicated by, 834 ; in the Pabeo- 
lithic laiina. 1360, 1364 ; tusk of, carved 
by oRve-iiien, 1354* ; Age of, 1355 ; ei- 
tinciioii of, 1356 

Man, limited experience of, in geological 
history, 261 ; inHuence of, on river dis- 
charge, 485, 516; considered as a geo- 
logical agent, 630 ; inttuence of, on 
climate, 631 ; on flow of water, 631 ; on 
surface ol the land,- 631 ; on the distribu- 
tion of life. 632 ; fossil relics of, 826, 
1348*. 1355* ; antiquity of, 1347, 1869 
Maiichhar Group (Bind), 1272 
Manganone, proportion of, in outer part 
earth, 83 ; oxides of, 84, 97 ; combina- 
tions of, 86 ; precipitation of hydrate of, 
on sea • floor, 680 ; excessively slow 
accumulation of, in ocean abysses, 684 ; 
concretionary forms of, bSP 
Mangilia, 1246 

Mangroves, uiuservative influenoo of, 603 ; 

swamps of, 609^1018 
Mants, 1272 
MarUiaicenu^ 994 

Maple, foesil, 1166, 1226, 1276, 1287 
Marble^ Ifii*. 260a artifleial nroduetUm of. 
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402 ; experimenU on deformation of, 421; 
corrosion of, by rain, 449, 451 
Ifarcaiite, 108, 185 ; as petrifying medium, 
881 

Marcellus Group, 997 
Mare's tail, fossil, 1276 
Maretia, 1237 
Margarodittf, 100, 254 
Margindla, 1232, 1261 
Marffiniilim, 1133, 1166 
Marl, 177, 524, 525, 605, 607, 613 
Marl Slate (Penniau), 1064, 1068, 1070, 
1071 

Marlstone (Lias), 1132 
Marine denudation, comparative rate of, 
598 ; final result of, 594 ; plain of, 595 
Mariopteris, 1026, 1065 
MarmardKs, 250, 772, 791 
Marinolite, 105 

Marmots, fossil, 1254, 1278, 1336, 1352 
Marquette Series, 904 

Marsh -gas, or Methane, iii rocks, 86, 142, 
185 ; at volcanic vents, 268, 270 ; at mud- 
volcanod, 318 ; in coal-mines, 427 
Marsh marigold, fossil, 1276 
Marsipocrinus, 957 

Marsupials, fossil, 1127, 1128*, 1179, 1227, 
1234, 1249, 1278, 1299 
JlfdrsvpitM, 1168 

Marsupites testudinarius, Zone of, 1182 
Marten, fossil, 1249, 1287 
Marti nia^ 994 

Martinique, volcanic action in, 266, 273, 285 
Massif of mountainous ground, 52 
Massive eruptions, 342 

Rocks, 195 

structure, 136 

MastoftoM, 1259, 1263, 1264*, 1278, 1294, 
1295, 1297 

Mantoiionsanrus, 1089 
Matawan Formatiou, 1211 
MtUonicliu'iii, 1185 
Mauch Chunk Series, 1061 
MauimuruHf 1218 
Manna Loo. >Vt'e Hawaii 
Mayeiiciau Stage, 1270 
May-flies, fossil, 1003, 1033 
May Hill Sandstone, 954 
M4ckleulmrgiau Epoch in Glacial Periml, 
1313 

Medina Croup, 977 

Mediterranean, variations of level of, 43 ; 
salinity of, 44 ; suhmarine eruptions in, 
383 ; earthquaket, of, 868, 376 ; proofs of 
oecilUtiou of level in, 382 ; upheaval in 
basin of, 386 ; dust showers or bloml rain 
of, 444 ; le^el of, raised by wind in Bay of 
Naples, 446 ; lagoon luirriera of, 513 ; tides 
in, 556 ; depth of wave-action in, 562 ; 
Trias basin of, UOjA ; Jurassic, 1166 ; 
^Cretaceous, 1205; Eocene, 1288; Oligo- 
cene, 1259 ; Miocene, 1271 ; Hioceue, 
1290 

Mediterranean Stage (Sljiocene),'i269, 1270 


Medlicottia, 1067 
MeduUom, 1066 
Meduae^ fossil, 831, 911 
Medusina, 912 
Meduaitrs, 926 
Meekella, 1080 
Meekia, 1216 
Meekocerasy 1089 
Megaceroa, 1334, 1366, 135§ 

MeyacystiteSt 938 
Megalanteris, 986 
Megalasph, 968 
Megalaspis-Limestone, 969 
Megaluster, 1245 
Megalk'hihys, 1025, 1031 
Megalotluu, 985* 

Alegalodus, 1088 
Megalomns. 968 
MegiUonyx, 1299 
Alegalopterisiy 1002 
Megaltmimta, 1123*, 1126, 1173 
Megalurus, 1155 
Afegaphyllitea, 1089 

Megajihytitiiy 1026 

Megascopic characters of rocks, 109, 127 

MegaUieriuviy 1361 

Mciouite, 104 

Melampna, 1282 

Mehinatria, 1225* 

Melanerjx'toii, 1068 

Melania, 1202, 1225*, 1248, 1270, 1292 
Melamte, 222 
Atelanoides, 1270 

MeUmoima, 1147, 1185, 1202, 1230, 1250, 
1291 

Melaphyre, 236 
Melboiirn Rock, 1191 
Melea, 1293 
Meleita, 1258, 1270 
Melilite, 238 
Melilite- basalt, 23$, 239 
Mellivmi, 1297 
Mellivoixdon, 1297 
Melodon, 1098 
MeUicrimta, 93S, 984 
Mclonechinva, 1021 
Mehmites, 1021 

Melting-i)oint, raised by pressure, 58 
Melting of rocks iu coutact-metamurphism, 
770 

Memhraniporn, 1168, 1237, 1277 

Menaccauite, 96 

Mtnaeoihm, 1169 

Meneteraa, 992 

Meuilite, 1238 

Meniacodun, 1237 

Meniaeo^aua^ 1180 

MeniaoitheriuM, 1243 

Meuomiuee series, 904 

Meutrix, 1226, 1247*, 1263, 1300, 1881 

Mergus, 1297 

Meriamjiteria, 1085 

Meriata, 98f 

Mtriatdla, 949, 936 







Jferittim, MO, M 2 * 

Merostomata, fossil, 941 , 958 , 1005 , 1024 
Mery/tkyngy 1273 
Merycochcerns, 1273 
AferuwpoU^iM, 1297 
Afesneanthns, 1004 *, 1005 
MmtliOy 1238 ' 

Mesas, 1387 
MesoNatlimy 1133 
Mesodactyla, 1229 
Memlon, 1122 
Mennhippusy 1249, 1273 
Mesolithic, 1349 
Mesonyx, 1243 

Mnnpithfcvfi, 1278, 1279*, 1295 
Mesormlvu, 1249 

Mesozoic, (letiuitJoii of term, 881 ; t<*rmatio«H, 
1081 

Meashiiau Stage, 1278, 1291, 1292 
Metachetuic changes, 765 
Metairasis, 765 

Metallic salts, precijiitatiou of, 1073 
Metalloids in eai Ill's crust, 83 
Metamorphic rocks, general iharacters of, 
158 ; account of, 241 

Mctainoridiisin, detinition of, aiul ••ondilnnis 


deterimmng, 353, 124, 76f*, 7|^7 ; teinis 
applied to varioii> form-' ot, 76,5. iioti' . 
ot igneous locks inijsirtant in study of 


the subject. 766. 785 


of contact, 247, 248, 2.'»0, 

428. 730. 

766; cnmlitious detemnning, 

i2l, 765. 

766 ; examples of, 167, 172, 

2.50, 255, 

257, 309 (recent lava;, 73,5, 

766-7H.5, 

797 , succession of mineral zones m, /9/ 


regional or dvnaniical, 2 15, 216, 247. 

251, 429. 785 ; linked \\ith igneous action, 
429 ; coiiditioiiH re«piired lor j»ro»luctioii 
of, 353, 787 ; inineral liansforinatioiiH 
observed in, 789 ; new niiiierals pr<Mliiced 
in, 791 ; similarity of mineral seipieiice in, 
to that m contatt-nietamorphiMii. 791 ; 
examples of, 170, 171, 792, 798, 970, 
976-805 ; ^^mmary ol phenomena of, 805 ; 
as displayed by the Li*\\Man gneiss, 883 
MeUthiytunhni, 1219 
Metaphtitia, 986 
Metasomatosis, 765 
Metastasia, 765 

Metaxite, 105 , , v 

Meteoric water, alteration of rocks by. l,»o 

Meteorites, 16, 18, 19, 33 

Meteoritic Hogs, 14, 33 

Metbana, eruption of, 327 

Methane, tke Marsh gas 

Methylosis, 765 

Metis Island, a fccent volcano, 335 
MHapiagy 1089 
Metoptoma, 940 

Mdriorkynchm, 1145 ^ 

Mexico, geological map of, 11 ; volauoea of, 
280 • 

MeximieuH Pliocene flora §f, 12i6 
JMtacif, 1229, 1248 


MiaroUtic struoture, 134, 161, 204 
MiaskiU, 221 

Mica, 100, 109, 264 ; abundant as a 
of nietaniorphUm, 428, 778, 790, 792 
Mica-andesite, 22^ 

Mioa-psamniite, 165 

Micn-hcliist (Mioa-slate), 245*, 240*, 264, 
259 ; in contact metainorpbiHin, 779, 780 
Mica-trap, 219 
Micaceous. 137 

lustre, 100 

Micacisution, 790 
Miehtlirtia, 984, 1021 
Mick'intzia, 928 
.ytiemstrr, 1167* 

Micrasters, zones of, 1182, 1192, 1103 
M icrnfHii'ia, 1167 
.l//c»‘c5nfc/u.v, 1068 

1227, 1234 

MiiTo<*Iino, 98 
Microcrystalline, 128 
MiCMK'rystallitic, 152 
M irrtMlertil'mts, 1 1 52 
1 1 85 

MnnHlisniH, 912*, 91 1, 925 
1122. 1147 
Microfelhitic, 152. 154 
Microgranite or ipiartz-porphyry, 209 
Microgranitic (Micrograiiltold), 128, 151, 
196, 20.5, 208 
M icrogrnmtlilie, 1 96 
MiC'nhsIfH, 1091 

MicrolUes, 89. 142. 148, 149*, 152, 196; 
in clay-slate, 171, 773, 792 ; artifleial 
proiliietion of, 404, 414, formed in con* 
tact-nietamorphism, 770, 772 
Microlitic Ktiuctnre, 197 ; felt, 228 
Micromerite, 128 

Microjiegmalitic (Micro|)egmatoid), 128, 
129*, 132, 151, 152, 196, 208, 211 
Microfierthite, 204 
Microphoits, 1090 
Micropoikilitic, 129 
Mirropttra, 1168 
Microscojje, |)etrographical, 124 
Microscopic characters of rocks, 119, 140, 
1.50 

Microspbernlitic, 152*, 153 
M irrogyiipM, 1229, 1243 
MirroUiJt, 1285, 1336, 1355 
Microzoa, directions for search for fossil, 
850 

Midford Hands, 1131, 1138 
Milfoil, fossil, 1278 
JfiViof//, 1236 
MUUricriixngy 1114 
Millerite, 87 
Millipedes, fossil, 1032 
Millstone Grit, 1047 
MikMy 1254 
MinuKtrasy 9i8 

MimgOy 1262 • *1 * 

Minerals, rock-forming, 88 ; esaantlal, 89; 
aco^ry, 89, 90 ; wide difruslon of lieivjTi 




ill Mdimniti, 90, 168, 179, 792, 891, 
* 1190, 1284 ; «»coiidfti 7 enlargementa oi; 
142, 162, 166 ; ftitMclsl {tfoduotlon of, 
418, 428 i ’ formed by contact • meta* 
morpbiam, 772 

Hiuen^'Oharactera inaufficieut to Ox g»M>- 
logical chronology, 886 
Mineral'springs, 469, 471 
Hineral'Ur, 186 

Mineral- veins or lodea, 91,812 ; variations in 
breadth of, 818 ; structure aud contents 
of, 814 ; successive inftlliog of, 815 ; 
occurrence of pebbles and fossils at great 
depths In, 816 *, connection of, with faults 
and cross-veins, 816 ; age of, 817 ; rela- 
tion of contents of, to surrounding rocks, 

817 ; decomposition and recomposition in, 

818 

Mineralising agents in the crystallisation of 
rocks, 270, 407, 416, 714, 766, 778, 780, 
784, 808 

Mines, usual dryness of deep, 810 
Minette, 219, 220 

Miocene, deOnition of term, 1220 ; forma- 
tions, metkmorphism of, 804 ; account of, 
1261 ; geographical changes duriug de- 
poeition of, in Europe and North America, 
1261 ; volcanic accompaniments of, 1262, 
1271, 1274 ; 6ora of, 1262 ; fauna of. 
1263 ; development of, in France, 1266 ; 
in Belgium, 1267 ; in Germany, 1267 * 
* in the Vienna basin, 1268 ; in 8«vitzerlaii«], 
1270 ; in Italy, 1271 ; in Greenland, 

' 1271 ; in India, 1272 ; in North America, 
1272 ; in South America, 1273 ; in 
Australasia, 1274 
Miodfvnus, 1248 
Miodon, 1237 
Miolabis, 1273 
Midania, 1218 

“ Mio-pliocene ” deposits, 1267 
Mississippi River, 484, 486, 492, 495, 502, 
607, 612, 616, 618, 688, 589 
Missouri River, 484, 486 
Afifro, 1201, 1226, 1242, 1261, 1263, 1283 
Jlftfro^e^no, 939 
Miasodectes, 1243 
Mixoaannu, 1089 

Modiola, 1023, 1116, 1118*,. 1169, 1231, 
1266, 1284 
Jifodiolaria, 1233 
Mididoidety 916, 940 
Modidoptis, 922, 947, 962* 

Mofettee, 268, 314 
**Molne-8chist,’' 796, 892 
M(iisrarUt9, 1107 
Molasse, 1258 « 

Mole, geological action of, 601 ; first appear- 
ance of, 1249 ; fossil, 1287 
MoUnsks, boi;iug habits of, 601* ;* protective 
inllueuce 8f some, 604 ; ff sat value of, as 
fo^ls, 882; some forms less enduring 
than mammals, 833; earliest pulmoul- 
fsrous, 1003, 1013, 1033 ; 1{igan in 


Carbonifesous time to pqrepoudtti^ pm . 
the brachiopods, 1022 k 

Moluccas, volcanoes of the, 277 * 

Monchiquite, 104, 288 
Monkeys, early forms of, 1227,»1229, 1264, 
1271, 1278, 1296 ' ^ 

Monmouth Formation, 1211 
Moiitibdina, 946 • 

Monoclines, 674 ; relation q|, to faults and 
overthrusts, 091 ; to physiographic feat- 
ures, 1367 
MtWJcloniHa, 1217 
Monocotyledons, fossil, 1165 
Monogene volcanoes, 322, 324 
Monograptvs, 935*, 938, 954 
Monongahela River Series, 1061 
Mouopleurids, characteristically Cretaceous, 
1170 

^fono^is, 1088, 1161 
Monotremcs, fossil, 1127, 1179 
Montana Formation, 1214 
Monte Nuovo, 276, 279, 290, 826 
Monte Vulture, 332 
Monikulipom, 937 
Moutien, 1198, 1201 
MmitlimHia, 1086, 1114 
Mouzoni, eruptive rocks aud contact-meta- 
morphism of, 217, 774 
Monzonite, 217 

Moon, density of, 15 ; history of, 31 
Mooiband-pnn, 187, 476 
Moraine profondo, 546, 1309, 1331, 1334 
Moraine-stuff, 160, 546 
Moraines, 546, 1321 

terminal (End-moraines), 1305, 1330, 

1332, 1334. 1341 
Mnrphitcenxs, 1150 
Moromurus, 1126 
Morse, fossil. 1316 
Mortc Hlates, 989 
Mortoniceras, 1213 
Mosasaxtnat, 1175, 1202 
Moschus, 1297 

Moscoviaii (Carlwniferons), 1051 
Moselle, River, 490, 608 
Mosses, accumulations of, 606 ; precipitate 
silica, 609, 610 ; precipitate lime, 611 
MutacUltty 1254 

Mountains, definition of term, 60, 1381 ; 
tyi^es of, 50 ; exaggerated conceptions of 
angle of slopes of, 52 ; colossal size of the 
youngest, 76 ; chains of, as seats of earth- 
quake movements, 368, 370' ; theory of 
uplift of, owing to rise of isogeotherms, 
898 ; Tertiary upheaval of, 1261 ; evl- 
deuce of slow uplift of, 1297, 1876 ; types 
of structure of, 1367-M76 ; infiuenoe of 
iiiterual structure on external forms fit, 
1379, 1384 ; connection of, with hot- 
sprigs and volcanoes, 1372; stagee hi 
uplM of, 1372 ; history of, iUustnM by 
that of the Alps, 1378 V oounectioB m, 
with earthqi^es, 1874 
Mount Kenia, ik)6 




n^vivv. 


Moum, CdmO, ma, 1817 
XoittiiriMi SwlM, 1849 
Mud, KM 
Mud^oonea, 328 
, Mud-lava, 271. 311 

“Mt8l*lutnl!fc,’' 612 , 646 j 

Mudstoue, 169 ! 

Mj^d-volcanoea, 317, 328 i 

Munenldae, ancestors of the, 1173 | 

M^rfhifmia, 9f3, 947, 9S«, 1023, 1066 
Murex, 1187, 1281. 1248. 1263. 1291 
Muriated waters 472 
Mus, 1287 

Musa, 1231 j 

Mttschelkalk, 1097, 1102, 1106 J 

Muscovite, 100 : 

Musk-deer, fossil, 1271 ! 

Musk-rat, first appearance of, 1219*; fo.ssil, ! 

1317 I 

Musk-sheep, fossil, 1,31. I, i:i.58 ; former • 
southern migrations of, 1317*, 13f>.'*, 1358 1 
Mustelu, 12.'>4, 1287, 1295, 1297. 13.36 
Mya, 12.56, 1286 
Myalina, 989, 1023 
MyUurtH, 1033 

Myltvjuulus, 1273 | 

Mylouitic structure, 135, 249, 789 
MyMun, 1361 ! 

Mylutkith, 1228. 12,*il i 

MyotlfH, 1354 j 

Myttgulf, 1287 j 

Myuph>ru<, 1078, 1088 I 

Afyoxug, 1254 * 

Myriapods, fossil, 943. 96.5, 1003, 1032, 1 
1033, 1257 i 

Myrka, 1164, 1257, 1262, 1292 
Myricophylhm, 116.5 
Mynnecoltuua, 1128 
Myrtus, 1262 
AlysararJine, 1249 
Mystrioauurm, 1122 

MytUus, 1071, 1146, 1185, 1257, 1268, 
1288, 1333 

KagelHuh, 1268. 1270 
Nagliopsis, 1218 
NaiadUes, 1023, 1031 
Nanniiea, 1089 
NanuosuchuM, 1147 
Nanomyt, 1179 
JVanoaaumt, 1126 
Naosaurus, 1069 

Naphtha, 185. 318 I 

Naples, upheaval in Bar of, 382 | 

Naples fauna (Devonian) of New York, 998 i 
Napoleonite, 132*, 133, 224 
Narl Group, 124 
lfa$M, 1245, 1266, 1277 
NaiiM, 989, 1117, 1119*. 1170, 1226, 1260, 
1269, 1277, 1330* 

Saikdia, 1102 
Naiiocmtk, 102$, 1066 
Katn^ m 
, Nafcnm lakee, 626 


NautUum 1026*, 1067, 1087*. 1088, U86, 
1172* 1226 

Nebulae, com))oeitlon of, 18 
Nebular hypothesis, 14 
Necks, volcanic, 330, 748 ; indeimident of 
fissure.s 279, # s>0 ; materials Hlliug, 760 ; 
proofs of sultsidence round edges of. 761 ; 
examples of. 751* ; alteration of rocks 
contiguous to, 763 
yirnieariHUS, 1187 
yf-iitgam n/ v, 941 

AWn^a/tur, 1237, 1249 
yt'i'fofefftim, 1074 
.\V»/Af«, 1194 
Nekton, 827 
yflumhium, 1223 
ymuicanthva, 1094 
ynnayrafitus, 978 
yntititophycus, 936 
ynHnloptt/cJii MS, 1 032 
NV/iirt/uro, 1287 

ynm/ttrryx, 12.58 
y,;>h,J,ia, 933 

Noocomiun, 1182, 1183, 1196, lf97, 1204. 
1206. 1206. 1207. 1210 
Ncogeue, 1221, 1259 
y>udimuhg, 96.5 

Neolithic Series, 1347, 1865 ; launaof, 1366 ; 
doinesticat«>d HuimalN ami cereals iu, 1366 ; 
character of races of men whose relics are 
found in, 1357 
.VcoAVa/as, 1206 
Neon in air, 86 
yeophiyiu ulux, 1243 
Neosho formation, 1 080 
Neo- volcanic rwks of Rosenbusi li, 198 
Neozoic formations, 861, 1220 
Nepheline, 100, 117, 144, 220, 237 ; arti- 
ficial proiluction of, 404, 413 
Neidieline - basalt, 237, 239 ; artificially 
formed, 406 
Nepheline-basamte, 237 
Nepheline-syenite, 220 
Nepheline-teplirite^ 237 
Nephelinite, 237 
Nephrite, 252 
Mephrofus, 1089 

yeptuHfff, 1277, 1280*, 1286*, 1383 

Neplunwts, 409. 864 

yWriks, 927, 939 

yernuiia, 1117 

Xnita, 1119* 

ysHtina, 1216, 1230, 12.50 

Kfritodmta, 1292 

y'fMurfivn, 922 

yesokia, 1297 

Neudeckisn Epoch In Glacial Perksl, 1813 
Ntvtnayi'ui, 1160 * 

Nfuntpterulium, 1085 

ye.HropUTi», 1002, 1026, 1027*, 1078, 1103 
ytudiooaauru^ 1089 
Ncuvizyan Sub-stags, 1160 
Nflvadite, 210 
^9. 6! 
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jyto^l260 
Newark leriee, 1110, 1150 
l9ewfottndtand, geological niapi of, 10; 
elevation of coaet of, 881 ; pre-Cambriaii 
rocke in, 907 ; Cambrian, 930 
New Hebrides, 336 

New Red Sandstone and Marl, 1084, 1091 
New South Wales, geological map of, 11 ; 
pre • Cambrian rocks in, 907 ; Silurian, 
980 ; Devonian, 999 ; Carboniferous, 1059 ; 
Trias, 1108 : Eocene, 1245 ; later Tertiary 
formations, 1299 ; ossiferous caverns of, 
136*2. iSm also Australia 
New Zealand, geological map of, 11 ; vol- 
canic eruptions of, 291, 349 ; geysers of, 
815, 317 ; earthquakes in, 372 ; raised 
beaches in, 386 ; glaciers of, 540 

Pre-Cambrian rocks in, 906 ; Silurian, 

980 ; Devonian, 999 ; Carboniferous, 1060 ; 
Trias, 1108 ; Jurassic, 1161 ; Cretaceous, 
1218 ; Oligocene, 1*261 ; supposed former 
connection of, with South America, 1273 ; 
Miocene, 1274 ; Pliocene, 1300 ; Pleisto- 
cene, 1346 ; former greater size of glaciers 
of, 1846 precent fonnations in, 1362 
Niagara River, rate of waste of siites of gorge 
of, 459 ; filtered by Lake Erie, 498 : struc- 
ture and history of gorge of, 500, 50-3 
Niagara Shale and Limestone, 977 
Nickel, in meteorites, 16, 87, 93; other 
occurrences of, 87 ; pro})ortion of, m outer 
* part of earth, 83 
yidiUites, 987 

Nile, annual rise of, 4 82 ; slope of, 486 ; 
chloriuo ‘in, 488 ; dissolved mineral 
matter in, 489, 495 ; rate of subsidence of 
Mdiment in, 492 ; “ sudd ” of, 492 : delta 
•of, 614*, 515, 517 
Xilssnnla, 1086, 1112, 1209 
Nineveh, growth of dust and soil at, 
438 

yiobe, 922 

Niobrara Group, 1215 
aV»>a, 1223. 1224* 
yipaditest 1237 
yipterella, 911 
Nitrification by plants, 699 
Nitrogen, in meteorites, 17 ; in air, 36 ; 
proportion of, in outer {uirt of earth, 83 ; 
in pores of rocks, 142 ; at volcanic vents, 
269 ; at mud- volcanoes, 318 
yodomria, 1020, 1133, 1212, 1242 
ySggemtkia, 1077 
y^geraihiopsis^ 1059, 1079 
Nomenclature, jietiographical, 157, 195-203 ; 

stratigraphical, 859, 860 
y<nnismoceixu, 1^39 
Nordmarkite, 217 

Norfolkian Epoch in Glacial Period, 1313 
Nork Stage /.Trias), 1101, 1102, 1106 
Norite, 232, 241, 903 , 

AVriAia, 1089 

Northampton Sands, 1131, 1139 

North 8^ a submerged l^nd-snAce, 42, 


54,' 891, 581 ; nature of floor of, $81 
formerly filled witb ice, 1805, 13Ctt 
Norway, fks Scandinavia * 

Nosean, 103. 

Nosean-trachyte, 227 • * 

Notation, for igneous rocks, 196, 199 

yotharctus, 1243 

yuthoeyon, 1273 

yothosanrus, 1098 

NotidamiSt 1192 

yotosiichuH, 1218 

Xototkerium, 1245, 1299 

Xotothyria, 1078 

Novaculite, 172 

Novaja Zemlja, uprise of, 380, 387 
Nubian Sandstone, 1207 
yucleocrinus, 984 
Nudeditea^ 1115 
Xudeoapira, 972 

Xueida, 940, 1022, 1078. 1088, 1117*, 
1187, 1231, 1247, 1273, 1277, 1285* 
Xiicdana, 940, 987, 1022, 1078, 1186. 

1209, 1231, 1256, 1285, 1316 
NulUporc-snnd, 178 

Nulhpores, conservative iulluence of, 603 ; 

form limestone, 605 
Numeaite, 105 

Nummulites, characteristic of older Tertiary 
formations, 837 

Xummunu% 1223, 12*24*, 1225, 1247, 
1258 

Nummulitic Limestone, 1223, 12*24*. 1289, 
1240 

Xuthetes, 1147 
Xy rankly 1068 
Nysaa, 1231, 1252 
Xystkiy 1253 

Onk. See Quercus 
Oamaru Formation, 1246 
Obermittwei<1a conglomerate, 900 
Obddloy 913*, 915, 945 
ObolvH, 915 

Obsidian, gradation from, into basalt, 187 ; 
characters of, 213 ; minor liquidity of, 
299, 300, 303 ; solfataric decomposition 
of, 814 
(kadioy 1251 

Oceans, area of the, 38 ; greatest known 
depth of, 41 ; level of surface of, 
42 ; composition of water of, 43 ; 
probable antiquity of basins of, 47, 397, 
586, 829, 1865 ; wide diffusion of pumice 
over, 339, 577, 582; earthquakes pro- 
pagated from marginal abysses of, 368, 
370 ; seismic effects on floor of, 876 ; 
effect of subsidence w floor of, 373; 
enrrents of, due to winds, 446 ; movement* 
of; 556 ; tides of, 566 ; temperature distribn- 
tioUf^, 558 ; nature of bottom of; 559 ; 
theories as to circulation, of, 560 ; geo- 
logical work of, 565 ; trasnprt of 
meut in, 575C; ohemieal deponts In, 579 ; 
mechanical deposits in, ^80; abynnal 
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<l«po«it8 of, 585, 62S, 624; coral-reefs 
0 ^ J14 ; area of floor of, covered by 
glofllgeiina-ooze, 624 ; origiu of basics of, 
1866 

0cea|-cuiT«fat8, deflected by roution, 22 
Oceafiic islands, mostly volcanic in origin, 
335, 347 
Odhetoceras, 1149 
Ochre, 96. 472.^76 
Odontaspis, 1207, 1226*, 12.')5 
OdonUmuIU, 936 
Odoniochilfy 985 
Odxrntopteris, 1026, 1065 
Odontopteryx, 1226 
Odontornitlies or toothed birds, 1179 
Oilmtomuru^i, 1098 
(Ekotramtea^ 1143 
CEuingen Stage, 1270 
Ogj/gia, 940, 941* 

Oll-f,hale, 184 

Olcostephaiius, 1119, 1144, 1182 
Olcosteplmnus gigas, Zone of, 1114 
Oldbury Shales 923 
Oldham ia, 905, 911, 913* _ 

Oldluimia (brachiopoin, 1078 
Oldhaven Beds, 1229, 1230 
Old Red SniidHtone, volcanic ])lu‘nometm in, 
348, 1001. 1008, 1010, 1011* , alterimliou 
of Iwisic and acid eruptions in. 712 : sand- 
stone- veins in lavas of, 7.59* : andesite 
plateaux of, 763 ; enunaleiit in time to 
Devonian, 981 ; descn|iti<in of. 999 . 
formed in inland lakes or >eas 1<»«'0 , 
rocks of, 1000 : organic remains in, 1001 : 
in Britain, 1006 
0/m, 1242 

OUandndiuiii, 1107, 1203 
Oleadliiid^a, 915 
OluMlhui, 911*, 914, 915 
Olendlus.zow, 793*. 803, 877, 881, 883, 
890, 905, 907, 915, 920, 925, 926 
Olenidiau, or UpiKT Cambrian, 915 
Olenoides, 916 
OUnas, 912*, 914, 921 
Oligocene, definition of term. 1220 : foima- 
tiona, account of, 1246; floni of, 1246; 
fauna of, 1247; in Europe, 1246, 1249- 
1259 ; in Britain, 1249 ; in France. 1252 ; 
in Belgium, 1255 ; in Germany. 1256 ; m 
Switzerland, 1257 ; in Portugal, 1258; m 
the Vienna basin, 1259 ; m Italy, 1259 ; 
in Faroe Islands and Iceland, 1260 ; in 
North America, 1249, 1259; in Austral- 
asia, 1259 ; volcanic accompaniments of. 
1262, 1258, 1259. 1260, 1261 
Oligoclase, 99 
Oligodmt 1066 
OiMW, 1170, 1267, 129? 

Olivine, 102, 242*, 475 ; artificial pro<luc. 

tkm of; 406, 418 
OUvioe-roek, 240,^8 
Omomya, 1248 
OmoMcmruif lf44 
Ompbacite, 102 • 


.Omphal4>pkioio$^ 1028 
Omphaltdrochua^ 956, 962* 

Omphynuty 987, 958* 

OnehuSy 942 
0«<cofmu. 940 
Oneida Conglomerate, 977 
Onondago Limestone, 997 
<hij/chiop8u*y 1198 
Onychocelln, 1168 
ihiychmlnits, 1248 
lhiych4MlNJty 987, 1013 
Onj x-niarble. 191 
(hnvrtis, 940 
Oolite, 191 

Oolitic Formations (.Inrassic), 1111, 1131 

Hlruoture, 136, 177, 187, 191, 192*, 

617 

<.>oze. 177. 178*. 610*, 623 
I Opacile, 157 
. Opal, 89, 95 
: Ophicalcite, 251 
j Ojihufi 1033, 1068 

j (tphhlm'rrus, 902* 

: (t/dnhta, 915, 945 
j (tjdiiiHtphtilm, 1298 
OfihitMcroti. 1151 
940 

t f/thinpsia, 119S 

Ophite, 1.53. 233 ; melnmorpbisni by, 781 
ophitic structure, 151, 152*, 196 ; artificial 
production of. 406 
Ophivro, 981. 1133 
Ojihiuniio, 984 
OpliiuroKU, fossil, 939, 984 
(iftldhtdinoionn'ua, 1145 
f ifj/H'lui, 1119. 1 1 3h 
Op|M*)ia discus, Zone of, 1138 
f l/fi dhmiyttoi , 1 258 

Opossums, fossil, 1227, 1234, 1249, 1254, 
1271 

Unirinhui, 1179 
Urlncidfi, 929 

firbiciilar htnictiire, 132*. 133, 725 
(h hind aid. a, 939, 985, 1022, 1031 
Orbit of the earth, 23 
ihhitoulfSy 1212. 1258, 1267 
Orbitoitu: Croup (Eocene). 1212 
(trhitulinH, 1166 

ttrhilolUrti, 1237 

1 trhiirem Ue% 1 022 
ndmhna, 1086 
Ordovician, 917 
Oreag, 1297 

Ore-deiK)Hits, 807 ; magmatic, 808, 810; 

lormed from solution, 809 
Organic acids as geological ajwnts, 450, 469, 
598; retlucing power of7598 ; solvent 
IKiwer of, 1 1 7, 598 

Organic detritus, microscopic characters of, 
155* ^ •• 

Organic matter, in tin air, 37 ; In the 
47 ; in rain, 449, 450, 451 ; in spnlig- 
water, ^9 ; in soil, 469 ; in riven, 492 
Organic ty^ vai^nff longevity oC 682 



OigtaMy^fomed xoetos 159, 175, 448 
Or^lctns, ilov rate of voilation of, 74, 77; 
in Tolctnio ejections, 270, 827 ; evidence 
from, in proof of upheaval, 381 ; petri* 
faction of, 474 ; place of, aa geological 
agents, 597 ; conditions for entombment 
of, on land, 825 ; in lakes, peat, and 
deltas, 826 ; in caverns and deposits of 
mineral springs, 827 ; in the sea, 827 ; 
eanses of rapid destruction of, 828 ; con- 
ditions for preservation of remains of, 
829 ; relative durability of, 829 ; relative 
palaeontological value of, 881, 836 ; 
marine, of greatest geological importance, 
831 ; evidence from distorted or dwarled 
forms of, 834 ; indications of climate troin, 
884, 1222, 1224, 1247, 1262, 1275, 1278- 
1280, ^15 ; indicate geological chrono- 
logy, 836 ; evolution or geological order of 
« succession of, 835, 845, 934 ; examples of 
ancient migrations of, 858 
Oreodon, 1249, 1265, 1273 
Or^on Beds, 1260 
OreopWiec^ 1264 
Orukania, 986 
Oriskany Sandstone, 997 
OmUkoeheirvs, 1176 
OrniihopsU^ 1144, 1173 
Ornithosaurs, 1123 
Ornithmichu$y 1090 
OrnUhotarHmy 1176 
Orogeny or mountain-making, 392 
Orohippm, 847, 1243 
Orometop^ia^ 922 
Orihacanfhm, 1025 
Orthanlnx, 1272 

Orlhis, 914*, 915, 939*, 948*, 989, 1022, 
1078 

Orthite, 103 

Orthuctms, 914*, 916, 939*, 940, 962*, 974, 
986, 1023*, 1066, 1088 
Orthoceras- Limestone of Scandinavia, 969 
Orthoceratites os characteristic fossils, 837 ; 
earliest types of, 914*, 940 ; extinction 
of, 1083 

Orthochlorites, 105 
Orthocidaris, 1168 
Orthoclase, 98 
Orthoclase-rocks, 200 
Orth&iMia, 940, 962* 

Orihopkl^y 1133 
Orthophyre, 21 8, 220 
Ortboptera, fossil, 943 
OrtAorAyncAwto, 940 
Orthose, 98 

OrthotAetea, 955, 990, 1022 
Ortwia, 939,«022 
OryctmtpiUy 1296 
Osborne Beds, 1250 
Omeroidfa,> 1173 

OmvtKfa, 1236, 1261, llf/6, 1287 
1004*, 1005 

Ostia, harbour of, now inland, 517 
Ostracoderms, 942, 1004 fr 


Ostiacods, fostU, 915t 941, 985, 1009, 
1081,1048,1087 

Oatreos 1098, 1110, 1118*, limi|l«9\ 
1280, 1247,* 1268, 1288 
Ostrich, fossil, 1296 
Otoeeraa, 1089 
Otodva, 1202 

Otozamiiea. 1086, 1112, 1113* 

Otters, fossil, 1254, 1263, 1285, 1287 
Ottrelite, 105 * 

Ottrelite-«late, 248 
Oudenodo)!, 1089, 1090 
Outcrop, 669 
Outliers, 1381 
Overlap, 653*, 820* 

Overthnist faults, effects of, 641, 798, 886, 
892, 970 ; diiicussion of, 690 
1287, 1316, 1355, 1358 
this, 1297 
Ovulu, 1283 
Ot(vniaaurhuSf 1147 
Owls, fossil, 1264, 1287 
Ox, fossil, 1278 
Oxford Clay, 1143 

Oxfordian Group, 1131, 1142, 1149, 1163, 
1155, 1156, 1157, 1158, 1160 
Oxidation, by rain, 450, 459 ; by under- 
ground water, 473 ; by the sea, 666 ; of 
organic ucids, 598 
Oxides, 84, 94, 158 
Oxyacmlm, 1243 
(Kvya'na, 1229, 1243 
Oxyn-notfont 1243 

Oxygen, supposed absence of, from primeval 
atmosphere, 35 ; proportion of, in present 
atmospliere, 36, 68 ; proportion of, in 
outer part of earth, 83, 84 : combinations 
of, 84 ; free at volcanic vents, 268 ; more 
soluble in rain than nitrogen, 449 ; in 
rain, 450 

(h'ynoiiceraa, 1119, 1133, 1134* 
Oxyuoticeras oxynotum, ^ne of, 1133 
Oxyrhina, 1173, 1242, 1265, 1289 
Qxytoma, 1108 
Ozocerite, 185, 186 

Pachymna, 1229, 1243 
Pnchycardia, 1088 
Parhycirrmua^ 1137 
Pttchydiscus, 1190 
Pachygonia^ 1078, 1107 
PachyiiieiaHia, 1215 
Paxhymylua, 1144 
Pachynolopkita, 1227, 1234 
Pachypleura, 1Q89 
Pachypnra, 937, 984 
Pachyrhis^us, lllZ a 
Packysporangium, 960 
Pachytheea, 936, 1009 
'Pacj^lw^ 1278 

Paiffic Ocean, oceanography of; 40, 868; 
relation of position oftto earth's mtoma] 
stmctnre^ 58 ; sabnariii^ eruptiona ii, 
308, 384; 335, 886^ 888 ; an^ 





im 


tmpt of Tolcukie 1 sIaii4s in, 277, 835, I 
847; iaU&dR In baiin of, are mainly of 
fcddnlo or^^, 335, 840 ; proofo of up* 
iiMTal in, 338, 882 ; ^rthquake Mi iti, < 
870,^76 ; auppoaad wid<*Rpr«ad sub- | 
ddoice in, 890 ; dispersal of puunice in, 
577 ; evidence of upheaval iu, 821 ; Tri- 
assic system in basin of, 1107, 11U8 
Pagutphylium^ 1133 
Paho^oe lavas, *299 
Palmaemmi, 940 
Palminodonta, 1078 
Pttlxarea, 914*, 939*, 948** 

Palmster^ 939, 984 
PalsBasterinOy 911, 914* 

Palmhinus, 939, 1021 
PaUvdaphtts^ 987 
PaUeinachuB, 1141 
PalwobitUtinay 943 
Palnobotany, works oti, 7 
Palteocaria, 1023 
Palwochctrus, 1249 
Palieocoma, 939 
PalmocoryateB, 1187 
Palvocranyon, 1024 
Pal^ewliscus, 969 
PalteneritMctus^ 1254 
Palmgnle, 1249 
Palajogene, 1221 
PaheohatttTui, 1069 
Palit'tdaguB, 1249 

Palaeolithic Series, 1347, 1319* ; fauna ol, 
1353 

PalfecmeryVt 1268, 1297 
Palteomutfla, 1066 
PcUwonictui, 1226, 1229, 1234, 1243 
PalwmiacM, 1025, 1067*, 1008, 1109 
Palaeontological evidence in favour of slow 
geological change, jl 
Palaeontology, 4, 7, 824 
PalRimyderia, 1249, 1254 
Palieophis, 1231 
PaUeophiurOy 984 
Palmphonui, 943, 963*, 1003 
Palte^ycud^ 936 
Palseopicrite, 240 
Palieoptens, 984, 1002, 1036 
Palmreaa, 1278, 1293, 1295 
PaUeorhynchm^ 1258 
PalmHyx, 1254 

Palmrryx, 1278, 1291, 1295, 1297 
PaUeoMuruSt 1089 
PttUeoBciucus, 1217 
PalKOiinppa, 1243 
Palmoairen, 1068 
PtdKOsyepa, 1243 
Palmthmum, 1221L 1284 
P9lmo*ragu»t 1278, 1595 
Pialmo-Toleanio rocks of Rosenbusch, 198 
Fklmofloic, deanition of, 861 ; systems, J^its, 
and gnitftl ebanurters of, 907 
PaUuMngor 
Migonite, iTi, 175, 236 
Falagottite-taff, 175 


iPb4ip(oe;Wn’N)fi, 1227, 1284 
PaUatmicHS^ 984 
Paleryxt 1261 
PaiUsya, 1086 

Palma, volcanic ■, qnence at, 889 

Prtlwnt'iitg, 1251 

PahtMtojitfns^ 1065 
Paln»s, fossil, 1224, 1247. 1257 
Pahmphyf*, 1258 
Palo Duro Reds, 1299 
PaUoiieuntc^ra*^ 1133, 1135* 

Paltopleuroeeras spiuatuto, Z<uie of, 1138 
Piiludina, 1185, 1230 
Pamelas Fonnation, 440 
Panama, contrast of biology of seas on ell her 
side of isthmus of, 391 
Pamtx, 1246 

Panchet group, 1058, 1079, 1107.^160 
Pamlanus, fossil, 1165, 1224 
Pan-ice, 575 

Pannlioinorjdiic structure, 151, 197 
Pauiseimn, 1236 
Panomyn, 1291> 

Vumjmo, 1242, 1261. 1263, 12jy*, 1280*. 
133(» 

Pautellci 1 ( 1 , 267, 333 
Pantellcrite, 213 (Koda-trachytc), 226 
PftntnlnmMtt, 1243 
Pantolanilida Itcds, 1213 
PaufoMiHrua, 1126 
Pa|)er«oal, 182 
Pnrocliuiisntes, 1107 
Parnclases, 658 
915 

Parnfioliurfla, 922 

Piuacyathv.\ 1237 

PifindaplmnuH, 1273 

Paradttrt-rut^ 991 

PantduxUleif, 912*, 913, 941 

rarail<»\i«lbn or Miildlo (^aniliHan, 915, 926 

Paragnnite, 100 

Parugonile-schist, 254 

l*ttrahyus. 1228 

pHmjumrtfeji, 1 107 
I “Parallel Hoads,” 644, 1321. 1332 

I I’ltra/ftlixion, 1066 

Paraniorphisni, 101, 102, 425, 473, 790 
j Para til yii,,l*li?t 
1 Paiafmaua'ifra, 1076 
Ptirasmilia^ 1167 

PamtibetUfJiy 1107 
Paralrapitra, 1110 

Pareiamurttfi, 1069, 1080, 1089, 1090 
Pareora Fonnation, 1246, 1274 
Pnrpjna, 1009 
I’arisian Ktage, 1240 
Park type ot mountain -struclire, 1369 
Parka, 1001, 1009 
Parkittwunia, 1138*, 1139 
j Parkinsonia Parkinsonl Zone off 5188, 1139 
Paroxysmal phas^ of volcanisro, 284 
Parrotid, 1294 

fossil, 1264 
cot &2, 1^5 



Wnort® Biii*«nlty «p«dUi<m 
to, 1278, 1274 
Patagonian 

Patcham Group (India), 11 oO 
PoidUi, 1141 
Poierina, 215 
Pati^dUi 1229, 1243 
PcUula, 1298 
Puurodon, 1169 

p"«6-. eff«t of on 182, 

417 ; w evidence of subsidence, 389 , 
608 ; marine, 607 i 

rl.nl. in, 807 ; rate of growth ofjM^, 

Bometiraea date, from antiseptic 

608 : dUtribution of, 609 , airt^pim 
nuality of. in preserving animal 
609 8*S ; examination of, for fossils, 85 , 

tadSs of former climaus f«m».hed 

by, 853 ; neolithic relics in, 1300 
Pebbly structure, 135 
» Pebidlau,” 896, 919 , 

»ri« 

1247, 1263, 1277. 

^:^airi28, 151, 208, 217,741,742- 
886*, 886* 

Pegraatoid structure, 196 
Pelagic deposits, 683 
PelagoaaurM, 1122 
PeleMtim, 1297 
Pelo’s Hair, 301 
Pelicans, fossil, 1254 
Pelites, 167 

Pelitlc texture, 135, 167 
Peh^tochdys^ 1145 
Pehneuateji, 1144 
pelorosaurua, 1185 
Pdtaaifs, 1189 
Pdtocaria, 941 
Pdtoc^ran, 1143 
Pdtura, 916 
Pelycotlua^ 1243 
Pemphyx, 1088 
Penmia^ 1088, HI® 

Penarti* Beds, 1091, 1094 
“Peneplain," 1381 
Pennine o- . 

Penokee Series, 8®®’ 

Pentacrinw, 1114, Ho/ 

PentagoHodery 1168 

pentagonoltpis, 987 

Pentamerus Beds, 954 
Peutremites, 984, 1022 
Peperinc^*i76 -or. 

Pei^te, 175, 761, 1254 
i^pAncaria, 1006 
peraleaUa, 1128 
PframHi, 1128 


Perathaivm, 1264 
Perch. foMil, 1287 
Perdied Blocks, 161. 654 

peregrindla^ 1168 
Pmqfclui^ 1089 
Peridondla^ 1086 
Peridot, 102 

Peridotites, 102, 240, 253 
Periechocrinuat 957 
Perimorphs, 89 
Periptychm^ 

1188,1140,1142,1144, 

PerisphincUe arbnidigem. Zone of, 1188 

biplex, Zone of, 114& 

gigantens, Zone of, 1144 

plicatilis, Zone of, 1142, 1144 

154-. 211, 214,864 

2"8,tr9? 751. 76i; 
1064 1070, 1072, 1073, 1074, 1075, 1076 , 
rieacription of, 1063 ; organic remains of, 

-l!*de.elopn,ent of, i» B^taiii, 1069i 

Sua:'ir?ri\n"AfrS 1079, in North 
America, 1080 : in Spdi''^"- J®** 

PermoCnrImniferous rocks, 1083, IWU 

ZZ, 1148, 1169, 1248. 1257, 1268 

Pcrnoatrea, 1150 
Peroniceras, H72 
1 peroniddlUt 1114, 1166 
1 Pers€fi, 1243, 1263 

Peraoonia, 1262 
Perthite, 96 , f t qqq 

Peru, upraised coral reef of, 382 
Peiahjcrinva, 944 
PeiaUdiia, 1024, 1025 
1 Peialogrnptiis, 955 

TgSrsoro^ 7o1 'provlno^. 
707 

?»:Wi8M18, 857,*78 , 

Petrology, 82 
Petnphiloidea, 1224 
Pdrophryne, 1090 
Petrosilioeous, 162, IW 
S"l!V46.of8-.»75.»88-.9»5 

Ph^erocrysUllme, 127 

PhaneropUuron^ 1006, rOll 
Phardcenu^ 1089 
Pharua, 1269 



PAaMMtw, 129$ 

12«6, 1299 
PhMiidlkkeriwH^ 1128* 

Phaagcmearis,^ 989 
•PhananelloylQli, 11&7 
PhmSkodmr\2Zl , 1243 
Phenocryatfl, 129*, 182, 196 
PhiUppine iBlaailt, 336 
PhUliptaitrua, 980, 984, 1021 
PhiUipsia, 1023f 1066 
Phillipsite, formed on 6oor of ocean abya.*ies. 
686 

Phlegsean ftelda, geological literatun* of, 290 ; 
volcanic fealurea of. 269, 278, 279, 290, 
338 

Phiyctfunn^is, 1005 
Phlogopite, 101 
Phoai, 1268, 1316, 1324 
Phtxnicites, 1247, 1262 
Photnicitpitis, 1158 
PhoRniaipierus, 1254 
PMadidfa, 1187 

P)wl(ulo,»w, 1093, 1116, 1187, 1230, 1283 
Pkotas, 1257, 1267 
PluoUtlerpeton, 1033 
PholidtphoniJt, 1094, 1122 
Pholidosa n ms, 1175 
Phdidostrophio , 986 
PMUiums, 1173 
Phonolite, 226, 227 
Piwnis, 1282 
Phosphates, 107, 158, 626 
Pho'-phatic deposits, 180, 626, 1162, 1201, 
1255, 1281 

PJiosphatisatiou, 177, 180, 181, 626, 1281 
Phosphoric acnl, proportion of, in eiuth’s 
crust, 87 ; combinations of, 107 ; in river 
water, 488 

Phosphorite, 180, 1255 
Phosphorus, propoition of, in outer part <»f 
earth, 83 ; pentoxide, 84 ; combinations 
of, 86; as a mineralising agent, 415, 
809 

PhnujmUa, 1211, 1251, 1292 
Phraguioceius, 940, 962* 

PhryganUt, 1254 
Phrygauiadiinestone, 1 254 
Phtonite, 167, 180, 1015, 1011, 1016 
Phycudei, 911 
Phvllades de St, LO, 901 
PbyUite, 171, 247, 248, 259 
Phyllocarids, earliest (oriiis of, 914*, 915 ; 
Silurian develojiment of, 941, 959 ; in Old 
Red Sandstone, 1006 ; Carboniferous, 1024, 
1031 

Phyllcceras, 1100, 1119, 1133, 1136*, 1172 
Phylloceras ibex, S||ue of, 1133 
Phyllocoenuit 1141 
Phylloerinus, 1168 
PkyUodus, 1226 
Phyllograplus, 935*, 938, 946 
Pkyllolqns, 9S7f 1011 
PbyUop^#xuilt 1005, 1021 
PhyOopora, 949, 1066 


PhyUoperina, 939 
Pkymkwt, 1059, 1109 
Phyl<^ny of organic forms, {)alttontolo|ioal 
evidence of, 836, 845-849 
Phyyatmma, 1188 
Ptm^ 1147i 1201, 1288, 1253 
Phyaiographical geolog>*, 6, 1363 
Physoatri*, 941 
Phyimnurus, 1090 
Pimites, 1075 
Pickwell-Down Group, 989 
Picolite, 97 
Picrite, 137, 240, 248 
Pictonia, 1149 
Pirns, 1254 
Piesoclases, 658 
PierociystalHsatiou, 718, 778 
Pigetms fohsil, 1254 
Pike, fossil. 1287 

Pikernii, Pliocene deposits of, 1294 
“Pillow-htruclurc** in lavas, 136, 306, 309, 
760 

1‘doceiajt, 920, 940 

Pilton Group, 989 

PiiutciM'erus, 1089, 1104 

Pine, fossil, 1287 

Piiidfs, 1185, 1256 

Pntiui, 1062, 1116, 1187, 1231, 1269 

JUiimairs, 986 

PinnaUgHtm, 1022 

Pinnidana, 1002 

Pnius, 1158, 1165, 1208, 1231. 1250, 1276, 
1294. 1338 
l»ijM.‘-clay, 16H 
Pistiiiiii, 1230, 12.50 
I‘i'iufuini, 12H7, 1333 
Pwtdit.s, 1230 
Pisolite, 192 

“PisolitK’ Uineslone" (Paris), 1201 
Pisolitie structure, 136 
Pistaeite, 103 
Pistm ite-Koek, 253 
Pitch-coal, 182 

Pitchslone, 149*, 209, 213, 216 
Ptthairiln, 1230 
Pifhcraiithni/Kis, 13 IS 
Pifys, 1028, 1030* 

Plumdurids, 1172 

Pliuer-workingH, 812 
Plm'xtcn, 1107 
PUirojumu, 941 
PUd/uiuluj-, 1128*, 1180 
Plagioclase, 99 
Plagioclase-Rf'cki', 200 
Plftijifjylyjdd, 1066 
“ Plain of marine denu«latioii," 595 
Plains, 54. 1887 _ 

PUisaiiciaii stage, 1278, 12^, 1291 
Plane, fossil, 1165, 1224, 1276 
Pikner (Cenomanian), 1208 
PUtnera, 1268 0 

Planets, deiiaitiea and origin of the, 15 
PlMktoD, 827 
Plawdit^ P' ’ 
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FUmv^ il47» 1214, 1285, 1248, 1268, 
1284, 1888, 1862 

Flanta, rocks formed by, 181, 187, 604; 
distribution 0 ^ as bearing on elevation and 
depression, 890; transportation of, by 
vrind, 445 ; transport of, by river-rafts, 
492 ; destructive geological action of, 698 ; 
organic acids furnished by, 698 ; nitri- 
fication by, 599 ; geological effects of roots 
of, 600 ; attraction of rain by, 600 ; con- 
servative action of, 602 ; reproductive 
action of, 604 ; chemical deposits formed 
by, 611 ; pretiervation of remains of, in 
lakes, peat-mosses, deltas, &c., 826 ; geo- 
logical bearings of the geographical distri- 
bution of, 839, 840 ; early evolution of, 
846 ; earliest known forms of, 910 ; trans- 
port of stones by Moating, 1016 
PlamopMii^ 969, 984 
Plastic, 138 
Plastic Clay, 1230 
PUxtamlon, 1179 

Platauus, 1164, 1230, 1252, 1276, 1277* 
PlaULc, 1287 
Plateau-gla^ers, 536 
^lateau-gravels, 1322 
Plateaux. Tablelands 
l^fatecarpiis, 1215 
Platmaurus, 1089 
Platephemra, 1033 

Plate River, mineral mutter in solution in 
water of, 688 
Plattensee, 518 
Platyceras, 915, 958 
PlalyctyMeniu, 994 
Platycomus, 1173 
Ptalycrinm, 1022 
Platyostoma, 940 
Platypleurom'os^ 1135* 

Platyackisma, 940 
PlatyaoleHites, 926 
PlatyaomuJi, 1068* 

PlectamlMnUeSf 947, 962* 

Pledoctraa^ 940 
Pltclrodua, 942 

Pleistocene, dehuition of term, 1220, 1300 
Pleistocene or Glacial Series, account of, 
1301 ; indications of greater elevation of 
the land afforded by, 1302 ; general 
sequence of events indicated by, 1803 ; 
pre-Glacial land surface under, 1303 ; 
advance of the ice-sheet shown by, 1304 ; 
rock-striation, 1304 ; evidence of differen- 
tial movements and radiation in tlie ice- 
sheets, 1306 ; erosion of land - surface, 
1308 ; ice-crumpled and disrupted rocks, 

> 1809; detri^ts left by the ice -sheets, 
1309 ; characters of the boulder-olay, 1809- 
1812 ; heights at whlcii marine organisms 
have been^ found in boulder-clay, 1812 ; 
evidenceif of interglacial ^itervals, 1312 ; 
hpver and upper boulder • clay, 1814 ; 
6ora and fauna of glacial aeries, 1816; 
evidences of submergence, 18^7 ; ocm- 


• tinnance of the cold: ooatorf^ 

1820 ; second gladatibn, 
raised beaches, 1820 ; cause d tte edd 
of Glacial Period, 1826 
Pleistocene or Glacial Series, Ipcal develop- 
ment of glacial phenomena in Aitato, 
1328 ; in Scandinavia and Finland, 1882 ; 
in Germany, 1834 ; in France andethe 
Pyrenees, 1886 ; in Be^um, 1887 i In 
the Alps, 1887; in Rbssia, 1889; in 
Africa, 1840 ; in North America, 1340 ; 
in India, 1346; in Australasia, 1846; 
evidence of oscillations of climate shown 
by latest members of, 1358 
PleochroisiQ, 126 
Pleonaste, 97 
Pleaiarctmnya, 1234 
Plesictia, 1249 
Pleaiochelyss 1186 
Pleaiomeryx, 1254 

Plesiosaurs, characteristically Mesozoic, 837 ; 
occurrence of, 1089, 1121, 1175 ; extinc- 
tion of, 1222 

Pleaioaaurua, 1095, 1121*, 1122 
PleMtmrex, 1249 
Plearacanthua, 1031, 1073 
Pleurvcoeliu, 1210 
Plerirwyatiteay 938 
Pkumlictyuyn, 984 
Pkurograptuay 947 
Pleurolytourass 1139 
Pleurmnya, 1116 
PieuroiMUtiluBy 1088 
Pleui'uneditea, 1088 
Pleuroueuray 1068 
Pleurophdia, 1147 
Plmroj^ioruay 986, 1066 
Pleumstrrnum, 1147 

Pleurotomn, 1170, 1226, 1248, 1263, 1286 
Pleurotomaruiy 915, 940, 986, 1022*, 1023, 
1066, 1117, 1119*, 1170, 1271 
Pliaiicheniu, 1299 

Plication of rocks, 673 ; experimental illus- 
tiatious of, 422 ; examples of, in Belgian 
coal- Melds, 1053. See also under Flexures 
PlicatuUi, 1136, 1169, 1298 
Plinian phase of volcanic activity, 278, 289 
Pliocene, definition of term, 1220 
Pliocene Series, general characters oC 1275 ; 
geographical and volcanic changes shown 
by, in Europe, 1276, 1289, 1290, 1292, 
1294, 1298 ; flora of, 1275 ; gradual nMk 
geration of climate indicate by, 127C 
1278 ; fauna of, 1277 ; percentages of 
northern and southern mollnsks in, 1280 

development of, in Britain, 1280 ; Bd- 

gium and Holland, V^9 ; France, 1269 ; 
Italy, 1291 ; Germany, 1293 ; Vienna 
basin, 1293 ; Greece, 1294 ; Samos, 1296 ; 
lu^ 1296 ; North America, 1296 ; Atts- 
tra]a^ 1299 ; New Zealand, 1300 ; de- 
posits of gypsum and rodk-salt in, 1294 
PliohippHiy 1^8, 1299 
Pmylobaiea,im 


PlioMui, 1234 
Ptiapmteus, 1264 
Pliotaunu, 1123 
Ploco9eyplii% 1167 
PliinArets, louil, 1276 
Pli%masitr, 1133 

Plwnb-liutf, deflection of, flear nionnUiris, 
1366 

Plutonic action, *262 

Plutonic (or deep*8eate<l) Igneoiis Rod'ka, 
197, 719, 721 
Plutonitft-M, 912*, 915 
Plutoiiista, 409 
Plutoiio-iuetainorplnsiii, 705 
Pneumatolitic a^i'ids 270, 107, 415, 714, 
766, 778, 780, 7M, 808, SIS 
Po, River, 506. 516, 589 
Poarikti, 1236, 1252 
Pocono^rios, 1061 
Podocarpiix. 1246 
Podttcuemyi, 1231 
PtMhtgoniwn, 1263, 1294 
PidozamikK, 1086, 1112. 1165 
POfJbnttheiumt 1249 
Poetlcrliaii, 1289 

Poikilitic ^rie» or New Red Saii'lNluiie. 1063 


Poikilitic structure, 129 
PofacanthuH^ 1173 

Polamliau Kikk’Ii in (ilanal IVrioft, 1313 

Polar rtatteuinj? of the earth, 20 

Pole, irrej<iiliir ihsphu'enient of terreolnal, 25 

Pdlyouclm, l<t66 

Pol}feon\tes, 1206 

Pidyctitybia, 1218, 1246 

Polygene volcanoes, 322, 321 

Polygimum, 1257, 1334 

Polymast(nlun, 1243 

Polymastodon Reds. 1243 

Polyinorphina, 1133, 1166, 1242 

Pdyphymu, 923 

Pol^ioHhts, 1011 

Polyp(idiuni, 1161 

Polypora, 1022 

PolypteruH, 1005 

PolypticJiiUs, 1203 

Polyj^yclwdmi, 1176 

Poiystomella, 1316 

Polyzoa, protective influence of some, 601 ; 
fossil forms of, 939, 1022, 1115, 1168, 
1282* ; reef-hke accumuhtiouH of, 1066 ; 
T abundance of, in Coralline Crag, 1283 
Pbrnpeii, 271, 291 
Pondwe^, fossil, 1276 


^Ofutian St^, 1291 
PoiUoeypris^ 941 
i^MUta Islands, 33% 

PofNiNOcmur, 1067r*<189 
Poplar, fossil, 1195, 1224 
FWfi«, 1164, 1208, 1252, 126% 1276. 

1277* ^ ^ 

PonuttboniUs^ 9f0, 948* 


Poroenftnite#172 


PotteUia^ 9W 


PoreupiiM, foiiU, 1278 ; in Olas^ FlHod, 
1817 

Pofo^ph»rea, 1193 

Porphyrie, 196 

Porphyrite, 219. «24, 225, 230 
Porphyntie structure, 129*. 151 ; artiflcial 
j priMlttction of, 406 
I Porpbyiilk’ holo<'r>‘HUlliue, 127 
j Porphyron), ISO, 254 
j Porphyisehiefer, 226 
i Portage Uroup, 997 
' piirtheuM^ 1178 
* Poitbirtdm, i;nf), 1330* 

I Portlandian, 1131, 1144, 1145, 1148, 1153 
1155, 11.56, 1157, 1160 
Portugal. S(V .Spanish Peninsula 
P<isii{i}ut4i, 991 
Posniixwlbt, 1018 

1022, 1116, if 1 7* 

Post PIiiK'env, didiultion of. 1300 
j P«»si (il.vrial Period, Sir Recent 
I I'nst-'IVrtiHiv or Quaternary, 861, 1300 
i 1‘olaiiinkx, i23U, 1248, 1263 
i J*tibiiniHji‘(on, 116.5, 1263 
I J^c/ditiitiuyu^ 12.50 
j i*i>tifiH<i(h4rluHt. 1249 

j I’otush, pro|M»r1iou of. iu earth’s crust, 87 ; 
; silicate ot. III river-water, 488,496 
' Potassiuiii, piojMirtJou of, in outer jiart o( 
earth, 83 ; ioiiihmation» of, 85 
Potassium chloride promote* Nitbsitlence ol 
sediment, 492 

I’otassium Hulpliate in sea water, 46 
PokitixmiH, 940, 986, 1023 
1022 

P..t hides, 498 
lUhonkH, 1028, 1030 
Potomac Korniatioii. 1159, 1165, 1210 
Potsd.im ((‘.'iml>iiuii| Fonnatioij, 931 
I'otslone, 253 

I’ollsviUe Coiiglomerale, 1061, 1062 
I’ltti'iin/ivm, 940 

I’nirie dog, geological action of, 601 ; fossil 
1317 

I’re Ciimhrian, jiroiKised u>*e of term, 868 
V(>lcanie action, 348, 880. 891, 896, 897 
ilykcH, 744, 8h4 ; rocks, general characU 
of, 861 ; literature, 862 (ive uruU 
(’rystalline Hchists} ; lowest gneisses an 
sehisls, 869 ; sedimentary slid volcaiil 
groups, S76 ; cliarmner of •Hsliments, 876 
land, traces of, 877, 890 ; fossils, 87' 
891 : abundant graphitic, 879 ; metamo 
phosed into gneiss and schist, 880 ; reh 
lions of \oiinger sedimentary series ' 
older gtieisiveK, 880 ; up^mr limit of, 88) 
leng*b of lime representei^by, 881 ; top 
grapby, 890 

of BriUin, 882 ; of .Scandinavia, 891 

of Central Euro|)e, 900 ; of America, 90: 
of Africa, 90#; of Asia, 906; of Aostrt 
alia. 906 * » 

IVecessioti, argument from, aa to tnten. 
coDdit|»D of the glotie, 67 


* ,, 

Pnditto, rockf of» ttlT. 774 
Plfthiitoric Seriw of deposit*,* 1847 
Prelinite, 99 
PrenatUr, 1258 
JPrt^aeoopierUt 1035 
Fr<^t, the key to the Past, 8, 260 
Prassnre, proof that rocks consolidated under, 
146 ; effecte of, 248, 416, 429,^787 ; in- 
creases chemical activity, 41, 789 ; con- 
solidation of rocks by, 417 ; solids made 
to How by, 421, 429, 681, 789 
Prestwichiat 1024 
Priabonian, 1234, 1287 
Priaeodon^ 1169 
Prwmodout 1210 

PnmUia, 916, 940, 941, 985 

Primitive (Piitnary) Rocks, 862, 867, 907 

Primordial Zone, 909, 917, 924, 928, 974 

PrimiUat’Xm 

Prionvcydus, 1192 

Prionntropis, 1172 

PriacochUoH^ 940 

Prismatic structure, 186, 212, 306, 663, 
769* ; artiflcial production of, 402 
Pristis, 12lfc8 
Pridisomiia^ 1109 
Proaflurua, 1254 
Proarcites^ 1107 
Probeloctraa^ 998 
Proboacitui, 1115, 1168 
Probuhalust 1297 
Pnx-umeliutf 1273 
Prochlorite, 106 
Proadophon, 1089 
Procaptoilon, 1300 
pivdaphivnns, ,1243 
Pmluctella, 986 

PtvductKa, 989, 1021*, 1022, 1066, 1067 
953, 974, 985, 1023 
Progamtchdys, 1122 
Prolcbiaa, 1258 
Prolecunitea, 1023 
J^ivincphitis, 1278, 1295 
Pwnoritea, 1077 
Proptamuaiumt 1234 
Propom, 967 
Proplyc/iiUj!, 1106 
Propylite, 230, 314, 350 
Propylitisation, 772, 812 
Proacorpius, 943, 1003 
Proaopim, 1119 
Proaphingitea, 1108 
P^apima, 1249 
Protarmi, 987 

Protaater, 939 ^ 

Proteaoeie, fossil, 1165, 1228, 1247, 1276 
1294 ^ 

Pt'ote«pkyUuM, 1211 
Protdotheriwn, 1243 
PnAeocyttis, 984 
Proterobale, 234 V- 

Pi'deroaaurm, 1069 • 

Ptoterosoio Rocks, 861, 867 
Prctocardia, 1088. 1095*, 1119*, >281 


>ro40<eiviM; 1249 
Protoceras Beds, 1260 
PraUichruum, 1243 
ProlocitneXf 943 
Protocriaimt 939 
ProtocyatUa, 912, 913* 

Protodua^ 1014 
Protogine, 205? 900 
PwOtgonudoUt 1243 
Protahippua, 1265, 1273, K99 
ProtolMs, 1273 
Profolycitaa, 1032 
Protorueryx, 1249, 1273 
Prutopiuiretm, 912 
Pivtopteris, 1066 
Protopier iia^ 1005 
Protorhipis, 1206 
Pivtorkyndia, 940 
Protorohippiia, 1243 
ProtoaphymnUt 1192 
Protospunyuu 911, 913* 

Prototaxitea, 1014 
Prototheria, 1128 

Protozoa, relative values of, as fossils, 882 

Protrachyt'eruSt 1106 

Protriton, 1068 

Proviinra, 1227, 1234 

Pntnua, 1223 

Przit)ram schists, 901, 928 

Psainmites, 160 

Psammitic structure, 135 

pHUinintitiio, 1234, 1250 

Paaininvilua, 1024 

Psamoioateua, 993, 1005 

Pauroinns, 1019, 1066 

Paeudivlurus, 1237, 1273 

PaeudamusitUH, 1232 

Pacvdurcit, 972 

Paetulocmiiiea, 957 

P^udocrinoa, 938 

Paeudixiiodetnn, 1115, 1168 

Paendiigidatheu, 1023 

Paeiuiotira, 1170 

Paevdomdan in, 1117 

PaeudimoHotia, 1066, 1094, 1116 

Pseudomorphs, 89, 94, 96, 106, 473, 819 

Pseudosigiltariiu 1035 

Paeudotheca, 933 

Paeudotrionyx, 1231 

Pailocephaloa, 922 

Pailocmta, 1133, 1134* 

Psiloceras planorbe, Zone of, 1183 
Psilomelane, 97 

Pailophyton, 984, 1002*, 1009 
Paittucdherivin, 1243 
, Paittacus, 1254 

Paygophyllutn, 1066 ^ 

PtemnodoH, 1176, 1177 
Pteraapia, 942, 1005 
Pteri^ 988 

PterCuhya, 987, 1005* 

Pieridolemnw^ 1165 
Pteridorachis. 1012 
, Ptmneo, 940, 986 
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Ptmm% U4S 

1U», llfiS, 11M 

PltfodaOyly;*, 1123 
Pierodon, ;227, 1284 
PtempkyUuM, 1086, 1086, 1161, 1203 
Pier^dttx, 1038 
Qwoppdg, fowil, 913*, 916 
Pterosaurs, *1123*, 1124*. 1126*, 1176, 
1177 ; extiikbtwu of, 1222 
P^rothecoy 940 
Pterygotua, 942, 983*, 1005 
Ptilodictyay 939 
Ptii0(lu3y 1180, 1248 
Ptilophylluviy 1080 
PtUozamitea, 1133 
PiychUta, 1081, 1089, 1100 
Ptychoctmsy 1172 
PiychtMlmy 1173, 1190 
Ptychogcuster, 1254 
Ptychtgaathuay 1090 
Ptychdepia, 1137 
Plydwparia, 915 
Ptychophyllumy 937, 958* 
jHlifchopferia, 991 
Mycknaiwjuw, 1107 
Pufrco group, 1243 
}‘f(Jinu8, 1254 
I^ugtuu, 986, 1022 
Pulasktte, 221, 223 
FuUuatra^ 1087* 

Puitinuhna, 1242 
Pulrttlnia, 1145 

Piimice, 214, 236 ; proportion of vt-Kiclea to 
enclosing glass in, 272 ; dispiTsiou of, in 
the oceuu, 677, 582 
Funiiceous structure, 134*, 214, 306* 
“PdufieUl Bt-.U," 1185, 1197 
Pn/Mi, 1214, 1268, 1284. 1337, 1352 
Purlieckian, 1131, 1144, 1146, 1148, 1153, 
1155, 1158 
Purley SlmieK, 923 
Pnrpuruy 1277, 1280* 

PurpuroMlmy 1117 

Puv type of volcanic action, 764 

Pyauxlua, 1146, 1202 

PyciioanccHSt 944 

PyciuisteriHx, 1173 

Pygaater, 1115 

Pygopt, 1148 

PygttpUrwi, 1068 

Pygurua, 111.5, 1168 

Pyramiduloy 1033, 1284 

Pyranainuay 1272 

Pyreneee, contact-metamorplibm, 780 ; pre* 
CAmbrian rocke of, 901 ; Cambrian, 928 ; 
Silurian, 978 ;^evoniau, 994 ; Carboni- 
ferous, 1054 ; Permian, 1075; Trias, 
1098 ; glaciation of, 1302, 1336 
Pyriporoy 1287 ^ 

P^te, 108, 13& ; weathering of, 4 n ; aa a 
petrifyinanoAium, 831 
Pyritoua, innition of; 187# depoaita qow 
forming, 62^ 
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Pyronaride, 133^ S16 

Pynpdty 1211 
Pyroachiata, 185 
f^xene, 102, 109 
i^roxene-andesite, 229, 281 
Pyroxeue-rock, 282 
Pyroxenolites, 241 
I^rrbollue, 108 

l^yruioy 1231, 1253, 1268, 1169 . 1282 

Qumler (Cretaceous), 1204 
QuHu4 versal dip, 669, 671*, 675 
Quarrying, art of, 668, 660 * 

Quarts, durability of, 84 ; as au original and 
secondary constituent of roc«s, 90 ; 
occurrences of, 94 ; proportion of, in 
earth's crust, 109 ; terruginous, 167 ; of 
veins, 195 ; of graniU, 204 ; artiflcial 
lorniation of, 409, 411, 418 * 

Quartz- |K)rphyry, 209 
Quartz-hchist, 248 

Quartzite, gases iu, 142 ; sohistose, 248 ; 
described, 249* ; analysis of, 259 ; origin 
of, 425 

Quarlzose, detined, 137 * 

Quaternary formations, 1300 
i^ueMfftlliiceriu, 1160 

Qi/ercMs, 1164*, 1231, 1247, 1263*, 1276, 
1287 

Ka’s or terminal moraines of Soandinavla. 

1332 • 

Kabbit, geological action of, 601 
Kaiiiatiou, effect of nocturnal, on rooka, 484 
Kadiolana, siliceouH ooze formed by, 624. 

625* ; fossil, 911, 937, 1020, 1089. 1166 
Radiolarian ooze, 179 
HwlujlUfa, 1170, 1199 
Ittijincaguimiy 950 
Itaibl lieds, 1103, 1106 
Rails, fossil, 1254 

Rain, alteration of rocks by, 156 ; solvent 
at'tioii of, 161 ; denuding action of, 822 ; 
absorbs atmospheric gases, 414, 448 ; con- 
verts loose calcareous sand into bard stone. 
444 ; proiiuction of, 447 ; chemical action 
of, 448 ; cuiii|>oHition of, 448 ; mechanical 
action of, 461 ; unequal erosion by, 462 ; 
excessive fall of, 494 

Rainfall amt cva|)oratiou, 482 ; and river 
sediment, 493, 494 
Raiii-priult, 643, 987 
Ram- wash, 161, 460 
Rajtnahal Kerie^, 1160 
Rake-veins, 819 
flaUaay 1254 

Rancocas Forroation, 121 Ida 
Randwiite, 95 
liangifery 1336, 1358 
Ranicot Beds. 1241 
Rapakiwi (gnJlte), 205 
Raphla. 486, 498, 5^2 
Rapilli. 172 
Ra^betfy 1888 



fittfei, geclogifld Mtioa << «01 
BiQOliinMl^ 198 
lUiuraofft& Sab-itagt^ 1149 
BaviiiMi sometimM orii^tad by eartb- 
^qtuka ittUTM, 872; formad by river 
eroil«n» 496, 1886; vtuding of, how 
determined, 600 
Ru de mar4e, 662 

Recent, poet-OUcial or Human Period, 1800 ; 
gene^ charaoten of deposibi, 1347 ; 
PalnoUthio Series in, 1849, 1868 ; NeoUthic 
Series, 1866 ; development of these series 
in Britain, 1368 ; in France, 1859 ; in 
Germany, 1869; in Switzerland, 1360; 
in Denmark, 1360 ; in Finland, 1360 ; in 
North America, 1361 ; in Australasia, 
1362 

JUeeptacuiitet, 937, 984 
Bed, as a colour of rocks, 139 ; strata 
generally unfossiliferoua, 1006 
Red and grey clays of ocean abysses, 583 
Red Chalk of Norfolk, 1182, 1183, 1189, 
1202 

Red Deer, i^il, 1288, 1292, 1388, 1358 
Red fog, 444 
Redcnia^ 989 

Bed Sea, raised coral reefs of,N882, 622 
iledahanks, fossil, 1254 
Heduction. Su Deoxidation. 

%eef knolls, 1041 

Reefs of limestone. Su wider Corals and 
A]g« 

RegUr, 169, 606 

Reindeer, fossil, 1315, 1368*, 1369 ; former 
migrstions of, 1317, 1386, 1864 ; Age of, 
1349, 1366, 1359 

Reindmr (Tarandian) Epoch, 1849, 1369 
JUinukia, 1119 
JUmopleuridu, 948 
Rentadmia, 986 

Reptiles, abundance and variety of, in Meso- 
zoic time, 1088, 1089, 1122, 1178 ; fre- 
quent huddling together of remains of, in 
sedimentary deposits, 1090, 1176 
RequieniOf 1169 

ReMau pentagonal of Elie de Beaumont, 21 

Resinous structure, 181 

JleUocrinus, 988 

Retgers* solution, 116 

Retiadaria, 1058 

Rdiograptus, 946 

RdiolitUf 938 

Retida, 986, 1068 

Reunion, Isle of. 3u Bourbon, Isle of. 
^Revinien,” 927 
Revolution, tepestrial, 23 
Rkabdocarpue, 1028 
/UkohifocertM, 1089 
BiuMvpkMw, 1144 
RhdbdopMx,m,m K 
Rh€wphyUiiu, 1089 ^ 

Jihacoptme^ 1026 
Mkadiniddhya, 1010, 1031 
< 


Rbtltie^^ 1091, 1094, 1006, 
JUe^dfAerta, 1234 
RJumnui, 1165, 1248, 1252, 126^1112 
Jthamphouphalut, 1128*, 1124 
Rhamphorhynekus, 1128, 1X24*, 1125*, 0 
1126* 

Rhampkoeuckue, 1297 
Rhapkutomot 916, 940 
Rhinchotreta, 940 

Rhine, River, 485, 488, 490, 494, 497, 500, 
602, 608 
Rhfnidictya, 989 
RhinoMuaf 916 

Rhinoceros, 1249, 1259, 1268, 1287, 1291, 
1295, 1297, 1350 

Rhinoceroses, fossil forms of, 1228, 1249,^ 
1263, 1266, 1273, 1278 1287, 1316 1816 ; 
woolly {R. aiUiquitatis) 1865, 1866 ; 
climate indicated by, 884 
Rhinochelya, 1178 
Rhinolophus, 1249 
Rkipidocrinus, 984 
Rhizocorallium, 1097 
Rhtzodopsis, 1049 
Rhizodus, 1024*, 1081 
Rhizomya, 1297 
Rhodanien, 1196 
Hhodea, 1036, 1065 
Rhodocrinus, 1022 
Rhoinben-porphyr, 219 
Rhombopora, 1022 

Rhone, llooiis of the, 481, 493 ; sediment in, 

494 , sediment pushed along channel of, 

495 ; Altered by Lake of Geneva, 498, 
622 ; terraces of, 508 ; delta of, 516, 617 ; 
mean rate of denudation by, 589 ; former 
great extent of glacier of, 1808, 1336, 1837 

Rhopalodont reptiles, 1069 
Rhns, 1213, 1263* 

Rhynchocephalia, fossil,. 1069, 1089, 1090 
Rhynchodus, 988 

Rhynchonella, 915, 940, 948*, 962*, 1022, 
1102, 1116*, 1168*, 1246, 1261, 1280* 
Rhynchonella Cuvieri, Zone of, 1182, 1191, 
1192 

Rhynchosaurus, 1089 

Rhyolite, place of, in the volcanic seqnence, 
850 

Rhyolite family, 210 
Rhyolite-glass, 218 
Rihtiria, 945 
Riebeckite, 101 

Rift Valley of East Africa, 42, 700, 1384 
Rill-marks, 643 

Billy, limestones of, 1284, 1285 
Riwdla, 1226*, 1260 
Ringicida, 1269, 1282/ 

Ripidolite, 105 
Ripidolite-schist, 253 
Rippk marks, 442*, 642* 

Rissoa, 1268, 1277 t 
Rita, 1298 
River-sand, 132 



oi; SS; allMUd y)f iM^<ioiAMf «^A; 
mM of lupply of; 4B1 ; di^liMfo of, 
4^ flow of, 485 ; oTonge slope of, 48fl ; 
tote of desceut of, 487 ; i^cct of upheav&l 
•nd depMion on, 487 ; «h»mic*l action 
off 487 : mechanical action of, 490 ; 
transport by, 490 ; rafts of vegetation in, 
•492 ; living organisms form part of sckU- 
ment in water of, 490, 492 ; sediment in, 
494 ; excavating power of, 496 ; causes 
• determiniug form of channels of, 498 ; 
meanders of, 499 ; gorges of, and open 
valleys contrasted, 504 ; reproductive 
power of, 504, alluvial fans of, 506 ; raise 
their beds, 506, 617 ; terraces of, 507*, 
608*, 133J, 1849 ; deltas of, in lakes, 509 ; 
filtered by lakes, 498, 510, 52'2 : bars of, 
510; uon-tidsl, 515 ; frozen, 532 ; swollen 
in summer by melting of snow, 534 ; 
proportion of chemically dissolved mineral 
matter in waters of, 588 ; alluvia of, as 
Paleolithic deposits, 1349: formerly larger 
than now, 1 350 
Rizoceras, 940 
Robulina, 1145 
Rocellnria, 1161 
Roches moutonnees, 550 
Rock, definition of term, 82, 159, 160 
Rock'basins, formed by weathering, 456, 458; 

by solution, 477 ; by ice erosion, 256 
Rock-crystal, 95 
Rocking Stones, 456 
Rock-pillars, cut out by rain, 462* 

Rocks, thermal conductivity of, 63 ; argu- 
ment from densities of melted and solid, 
as to the internal condition of the glolie, ! 
69 ; occluded gases in, 85, 86 ; cliiel j 
minerals of, 88 ; colouring ingments of, i 
96 ; determination of, 109 : megascopic | 
examination of, 109 ; chemical synthesis i 


. Mtteii' < bf btitdl 

flttdw pittmt; llfli 414; tufliMBMr 
QonpNMkm, taiukn, ukI fraetan m, 
416; oonaoUdatkm of, 416, 417, 617, 
624 ; derormation of. 418. 419. 676*. 
681, 682*. 788. 886* ; pUcatioB of, 
422, 672 ; faulting of, 423, 687 ; moU< 
uorphiim of. 424, 764, 766, 786 ; avengo 
amount of water in, 425 ; alteration of 
bulk from chemical action, 426, 468 ; 
effect of rapid changes of daily tempora* 
ture on, 434, 454 ; underground saturation 
of, 466 ; subterranean alteration of, by 
permeating water, 444, 473, 474, 476 ; 
effects of frost on, 681 ; stratification of, 
634 ; joints of, 658 ; Inclination of, 867 ; 
rule for computing thickness of, 672 ; 
differences Iwtween deep-seated snd super- 
ficial eruptive, 706 ; teetunio ^lations of 
eruptive, 719 ; permeation of^y granitic 
material, 728 

Rock-salt, 108, 189 ; gaseous hydrocarbons 
given off by, 318 ; lakelets formed by 
undeigrimud solution of, 477. See alto 
under Salt-deposits 
Rock-slicing machines, 120 
Kogenstelu, 192, 1097 
RtMjersM, 1211 
Rohrboch’s solution, 115 
Rontgen rays, application of, In the investiga- 
tion of fossils, 861 
Itoofing slate, 171 
Rdros Schists, 925 
Rose-laurel, fossil, 1276 
RMlaria, 1219, 1226 
IMidia, 1166, 1257 
Rotation of earth, 22 
Roth (Trias), 1097 
Rothhegendes, 1072 
Rothomagien, 1196, 1200 
Rottenstone, 191 


of, 119; microscopic investigation of, 119, 
140 ; megascopic characters of, 127 ; 
terms denoting structure of, 127 ; teniis 
expressing general composition of, 136 ; 
state of aggregation of, 137 ; colour and 
lustre of, 138; feel and smell of, 140; 
specific gravity of, 114, 140 ; alteration 
of, by meteoric water, 156, 473; classifica- 
tion of, 157 ; description of the varieties 
of SedlraenUry, 159 ; Eruptive, Igneous, 
Massive, or Unstratified, 195, 705 ; nota- 
tion for, 196, 199 ; Schistose or Meta- 
morphlc, 244; sequence of, at volcanic 
centres, 339, 849 ; experiments in crushing, 
862, 400 ; expansion of, by fusion, 393 ; J 
bypogene causes of changes In texture, j 
structure, and qompoeition of, 898 ; ex- 
pansion of, by hen. 401 ; exp^mente in 
fusion of, 402; basic, have been repro- 
duced artificially, but not the acM series. 
407 ; contracUoD of, in passing irom a 
glassy to a Any stete, 408; absorbent 
powen water, 410ss426 ; internal 


Rubellan, 101 
Ruby, 84, 95 
Rudihten-Kalk, 1199 
Rudide*, 1170, 1199 
Ruffnrdia, 1185 

Rugose corals, extinction of, 1080 
Rupelian Stage, 1255 
Ruptare^ minor, in rocks, 416 
Russia, geological maps of, 10 ; deserts of, 
443, steppes of, 445, 528 ; frozen rivers 
of, 493, 533 ; pre-Oainhrian rocks in, 900 ; 
Cambrian, 926 ; Silurian, 966. 976; 
Devonian, 998, 995 ; Carboniferous, 1055 ; 
Permian, 1077 ; Jurassic, 1157 ; Cretaoe- 
ous, 1207 ; Pleistocene, 1339 
Rutile, 86, 163, 164, 171, 778, 792 
Rylicerae^ 986 

Sobol, 1165, 1224*, 1231, 1247, 1267, 1262 
Saccammina, 987, 1020 
Saccbaroid stnAure. 162, 192* 

Sageemuy 1068, 1089 
Sayettana, 936, 1012 
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Bahlite, 102 “ • 1 

8t Anthony, Falls 502 
St Erth Beds (Pliocene), 1281, 1282 
8t Helena, 840, 847 
St Lawrence River, 498, 583, 588 
St. Paul Island (Indian Ocean), 336, 338*, 
840* 

St Vincent, volcanic action in, 266, 275, 
285 

Sataminouiac at volcanic vents, 269, 307 
Salenia^ 1168 
Salici^iyllaui, 1211 


Salinellen, 318 

Scdisburia. See (tinkgo 

Saiu, 1164, 1236, 1252, 1270, 1277*, 1288, 


1304*, 1316 
*‘Salniiet#l’ 927 
Salses, 318 

Jalt-deposits, 108, 189, 933, 935, 977, 979, 
1059, 1064, 1072, 1073, 1077, 1084, 1093, 
1110, 1166, 1259, 1275, 1294 
Salterella^ 915 
Saimropiitf! 1107 

Samoa, Pliocene deposits and mammals of, 
1296 

SamtlieriuHU 1278 

Sand, varieties of, 161, 162, 178, 442 ; 
volcanic, 173 ; transport of, by wind, 435 ; 
erosion by, 436 ; facetted stones worn by, 
436 ; dunes of, 440 ; formed of organic 
remnins, 442 ; limit to the attrition of 
particles of, 4^1 
Saud and Gravel Rocks, 160 
Sandhergei'Meme, 098 

Sand-blast, natural, 436 ; applioutiou of 
ortitlcial, in the investigation of fossils, 851 
Sandgate Beds, 1185 
Sand-hills, 440, 441* 

SaiuUh^Ues, 1107 

Sandstone, crushing strength of, 71 ; vary- 
ing proportion of silioa and alumina in, 
109 ; investigation of comiwsition of, 113 ; 
varieties of, 164 ; flexible (itacolmnite), 
249 ; heat evolved by, in crushing, 401 ; 
numlier of cubic feel to one ton of, in air, 
and in sea • water, 568 ; characters in 
sedimoutation of, 636, 640, 642, 644, 
649 ; associated with conglomerate, 650 ; 
more jiersistent than conglomerate, 651* ; 
comparatively rapid de^iositiou of^ 653* ; 
veins of, in old lavas, 759* ; rendered 
prismatic, 769 

Sandstone-dykes, 665*, 666*, 759* 
Sandwich Islands. See Hawaii 
Sanfjuini)l(uuu 990 
Si lUfiii mif iV«,*h)23 
Sauidiue, 98 
SanUheriim^ 1297 
SannoisiaiPijtage, 1249, 1^53, 1254 
Sa\|)tuo, 1293 < 

Santa Cruz Formatiou, 1273 
Santonien, 1196, 1201 


287^29(}; 80S 

808. 811, 827,128, 886* 887*, m 
SttO,m IP 

Sapindopsis, 1213 
Sapindus, 1211, 1223, 123: 

Saponite, 474 
^portwa, 1080 
Sapphire, 84, 96 
Sircoledes, 1144 
Sarcophilus, 1245, 1299 « 

Sannatinn Stage, 1268 
Sarsaparilla, fossil, 1276 
Sarsen Stones. See Grey Wethers 
Sasm/ius, 1164*, 1252, 1276, 1292 
Satellites in solar system, 15 
Siurichth)/s, 1089 
Sauriptenis, 1013 
Saurodotif 1173 
Sciurosteruoiit 1090 
Saussurite, 99, 232, 790 
Saussuritisation, 790 
Sajcicava, 1286, 1316, 1330* 

1334 

Saxoniau (Permian), 1069 
Saxouian epocli in Glacial Period, 1313 
Saxonite, 241 
Scaglia, 1206 

1226, 1277, 1286* 

Scalar ia, 1187, 1274 
Scaldesian, 1289 
Si'alUett, 940 

Scandinavia, lake-ore of, 187 ; granite- 
porphyry ami associated rocks of, 208, 
217 : rhomben-porphyr of, 219 ; syenites 
of, 220 ; parthfiuakes in, 360 ; changes of 
level in 377, 380, 382, 385, 392 ; raised 
beaches of, 385 ; unequal uplift of, 386 ; 
changes in level of lakes in, 386 ; rate 
of uplift of, 387 ; jiroofs of subsidence in, 
391 ; laiuislips in, 481 ; climate of, 
affected by lakes, 521 ; glaciers of, 589*, 
540*, 5,53; "giants’ kettles” of, 561*, 
gigantic overthnists in, 693, 900, 970 ; 
petrographical province of Christiania, 
707, 708, 712 ; contact-metaniorphism in, 
782 ; regional metamorpliism in, 798, 970 ; 
pre-Cambrian rocks of, 898 ; Cambrian in, 
924 ; Silurian, 966 ; Old Red Sandstone, 
1012; Trias, 1098; Jurassic, 1158; Cre- 
taceous, 1208 ; glaciation of, 1305, 1332 ; 
Recent period in, 1360 ; history of flora 
of, 1360 

Scauiau Epoch in Glacial Periotl, 1313 
Scuniarnu^, 1208 
S’aphftu, 1119 

Scaphiles, 1171*, extinction of, 1222 
Scaphogiinthns, 1123*, 1124 
Scapolites, 104 / 

SeaMnetuifia, 1014 
ScelidosaurtUy 1137 
915 

Schalstein, 175, 982 
Schillerfels, 232, 241 . 

Schiller-8par,^02 
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Sehii^ Btnietnre, 184» 428 

ScbisOr^rystallinet character of, S44, 248, 
428, 786 ; formed from igneous rookt, 
682, 731 ;«contRct-metamor|thism of, 788 ; 
coAmoiily associated with igneous maMea, 
788. See aJ»o under Crystalline SchiaU 
Se^izodv.s, 1023, 1066, 1067* 

Schizogra{\tus, 946 
Sckizufejtia, 10/1) 

SchizOnenra, 1085 

Schizopods, fo.vsil, 1023*, 1024, 1031 
SchisojHtlis, 933 
Schizrtpferis, 1074 
Schiziifreta, 939 

Schlieren in the b.suded structure of 
igneous, rocks, 131, 232, 246, 2.56. 711, 
788, 869 ; nmy survive among schistose 
rocks, 246. 256 
Scldcndtiu'h HI, 1170*, 1173 
Schhcnbnchi.a rostr.'ita, Zone of, 1182, 1187, 
1188 

ScliloeiiKacliia varians, /.one of, 1182, 1190 
Sclilothcmlu, 11.33, 1134*, 1136 
Scblotheimia nug\ilata, Zone of. 1133 
&:Jnnldf>o, 926 
8«-hoh.'irie Gi it, 997 
Schorl, 101, 778* 

Schorl-rock (Schorl -schist), 208, 251, 778*, 
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Schotter. 163, 1339 
Sf'iuroiilejt, 1234 

Seivnt.s, 1237, 1219, 1254. 1273 

Selenipi^rufiinii, 1158 

Sculermfri 923 

S<'olinsfi>iii<i, 980 

ScnfifhiK, 913, 939 

Seomhrnmphixli'i), 12.55 

Scoriacpous strm'turc, 133, 306, 341, 7.*3 

Scorim, 13.3, 271 

Scorpions, fossil, 913, 963*, 1003, 1032*, 
1033, 1069 

Scree-material, 113, 160, 164 
Si:ylfhxh>K, 1192 
Scythian Series, 1106 

Sea, depth of, 39 ; level of, 12 ; iloiisity-of, 
43 ; salinity of, 44 ; constituents in water 
of, 45 ; gases in, 46 ; compressibility of 
water of, 47 ; more actively ertwive in 
Europe than in North Atiictics, .5.5 ; <li»- 
turbance of, V>y \olcanic eruptions. 291 ; 
gains access to earth’s interior, 35.3, 354 ; 
effects of earthquakes on, 375 ; distance 
to which land-derived sediment is carried 
in, 518. 575 ; tides of, .556 ; low tempera- 
ture of bottom-water of, 558 ; de|»th to 
w’hich erosive act^n reaches in, 562, 56/, 
574, 576 ; ice-aemn on, .582, 574, 678 ; 
influence of, on clim-ate, 565 ; the great 
distributor of temperature, 565 -.^Ivent 
action of, 566, 621, 624 ; cheraicaTaction 
in. 666, 582, 6fl, 624 ; mechanical action 
of, 567 ; zibe of mechauiciJ abrasion in, 
667 ; transput of sediment by, 575 ; 


to, w of tiUea for 

mariaa organtMtoi, 9Z5 1 chemical depoiiia 
on floor ol, 579 ; mechanical tie)KHiita tn, 
580 ; blue aisl ^reeu muds of, 562 ; red 
and grey mtids of. 583 ; abysmal deposita 
of, 583, 828 ; comparative rate of dennda* 
tlon by, 593 ; final result of denudation 
by, 591 ; proportion of calcareous silt in 
water of, 613 ; preservation of organic 
remmns on floor of, 827 ; destntetion of 
life by irruptions of fresh water Into, 828 ; 
portions of floor of, liest aiiapted for pre- 
serving a recortl of marine life, 829 ; 
proofs of former presence of, 834 ; indi- 
dicatlons of elevation of Imttom of, 
afforded by shells, 1302. See nJao undei 
Oceans and Sea-level 
Sea dust, 444 

Sea-ice, 189, 663, 678 • 

Sea-level, raiae/l by displacement of earth's 
centre of gravity, 28 ; non-nniforinity of, 
42. 377 ; raise>l by tbe attraction of high 
laml. 43 ; jiartly dependent on compressi- 
bility of sea water, 47 ; raised by a polar 
ice cap, 28, .378 ; effects ofmv^Utlon on, 
.379 ; in Mediterranean, affected by atmo- 
spheric movements, 446, 556 
Sca-saml, 162 

Sea-nrehins, fossil, 939, 984, 1021, 1115*, 
1167 

Sea- weeds. See Algae 

Seals in Caspian, 528 ; in Lake Itaikal, 5*28 ; 

fossil, 1268, 1287, 1316, 1324 
Seam, definition of, 860 
Seas, enclosHl, 41 

Seasons, origin c>f the, 23 ; influence of, on 
volcanic activity, 282 
Secondary or Mesozoic, 861, 1081 
Secretions, 135 

I “ Section " ill stratigraphy. 860 
. Sections, geological, exaggerated outlines Is, 
53 

Seilge, fossil, 1276 
Sedimentary rocks, 168, 159, 6.33 
Sedimentation, uprise of isogeothenns owing 
to, 393, 396, 399 ; comlitions for, on sea* 
bottom, tf49, 829 ; contrast of Palienzoic 
and Mesozoic, 1082 ; ternary succession 
of, 1113; indications of shallow water 
afforded by, 1364 
Seeleya, 1068 

Segregated structure. See Banded structure 
Segr^tlon -veins, 741 
I Seiches of lakes, 520 
.Seine, flomls of, 481 ; discharge of, 484 
; Seismic vertical, 366 
i Seismology. See Karth/piake# 

Selhornian, 1186. 1188 

SeUnacodon, 1179 

Selenite, 107 •• 

Selenium at vol#nlc vents, 269 
Selfwchheva, 1066 * 

SepUmtfdwi, 1089 
I Semi-opaf 95 
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SmiwriamLi^ 

1291, 129ft, 1297 

SenonUn, 1182, 1192, 1194, tl9«, 1201, 
1204, 1205, 1206, 1208 
Sapioidea, appear in the Lias, 1118 
Septarian structure, 186, 187*, 647 
SeptOMtrteOy 1149 
Septiftr^ 1192 

Sequanian Stage. 1149, 1163, 1166, 1157 
Sequoia, 1166, 1223, 1247*, 1262, 1276 
Sertcite, 100, 264, 790 
Sericite-achlst, 253, 256 
SeHcltlaation, 700 
“ Series ” in stratigraphy, 860 
Serpentine. 101, 105, 240, 241, 242*, 243, 
253 ; metamorphism around, 784 
Ser^Mintinisatiou, 242*, 791 
Strjmla, O^iP, 1134 
Serpuln, protective influence of, 604 
Serpulitfi, 039, 1022 
Sestiau Stage, 1260 • 

Soter of Norway, 383 
Sevatian Group, 1106 
Seve Group (Scandinavia), 899 
Severn River, 484, 610, 657 
S^xanoe, travertine of, 1234, 1236 
Shales, varying proiiorttons of silica and 
alumina in, 108 ; varieties of, 169; rela- 
tive persistence of, 651* ; search of, for 
fossils, 861, 852 

, Shallow water conditions, indications of, 644, 
834 

Sbaly structure, 136 
Shannon River, 486 
Sharks, foasil, 988 
ShasU-Chico Series, 1215 
Shear-structure, 419, 421, 681, 682*, 795* 
Shearwaters, fossil, 1264 
Sheets, contemporaneous, 753, 759 ; in- 
trusive, 287, 313, 732 
Shell-bauks, 613 

Shell-borings, as proofs of upheaval, 381 
Shell-marl, 177. 524 

Shell-mouudH ( Kjokken-rodddinger), 1360 
Shell-saud, 178. 442 

Shells, variable durability of, according as 
they are formed of calcite or aragonite, 
106, 156, 177, 613, 830, 831 
Sheridan Stage, 1317 
Shineton Shales, 923 
Shingle, 163, 680 
Shonkinite, 222, 223 

Shore-conditions, indications of former, 644, 
834 

Shore-deposits, 680 

Shorthorn, introduced in Neolithic time, 
1366 

Shoabonit^ 228, 236 
SAwmarito, 922 

Siberia, upheaval of cnaet oL .380, .388 
SiMriue, 1089 . ^ 

Slciliftii Stage (Pliooene), 1278. 1290 ^ 

Sicily, lulphor depoelts of, 0ft, 4ftl ; ealsee 
in, ftl8 ; eruptive saliaelia of Pimnid in, 


ftftft; 1206; 9^ 

OMe 1292; volcanic phen<MaM|||i . 
see under Ft !** 

Siderite, 91, 107, 136, 187, 104 : as a petrl- . 
fying medium, 831 * * 

I Siderites, or iron meteorites, 16 
Siderolites, 16 

Sigillaria, 'as a characteristic fossil, 837 ; 
occurreuce of, 1010, 1019| 1028, 1020*, 
1066, 1085 

Silica, or silicic acid, 84 ; proportion of, in 
earth's crust, 87 ; colloid condition of, 
89; concretionary forms of, 91, 186; 
chief occurrences of, 94 ; proportion of, in 
se<limentary rocks, 109 ; deposits of, by 
organic agency, 179, 609, 611 ; deiwsition 
of, nt funiaroles, 314 ; abundant infiltration 
of, into rocks, 428 ; solution of, by natural 
water, 452, 470 ; liberated by deconiposi* 
tion of silicates, 452, 470 ; as a petrifying 
medium, 474, 831 ; proportion of, in river- 
water, 488, 489 ; source of, for- marine 
' organisms, 576, 625 ; relation of, to 
humus in river-basius, 599 ; in oceanic 
, deposits, 624 ; in limestoucs, 648 ; intro* 

I duced and indurating rocks in contact- 
I metamorphisin, 768 ; as a constituent of 
orgauisms, 830 ; soluble, in sedimentary 
dejKJsits, 1162, 1188 

Silicates, 84, 97, 158 ; decomposed by alka- 
line carbonates, 414, 470; alkaline, 
chemical reactions of, 415 ; decompiositiou 
of, by ram, 452 ; probable source of silica 
to marine organisnis, 575, 625 
Siliceous, defined, 137 

deposits of organic origin, 624 

schist, 249 

Sihcificatiou, 177, 179,625, 648, 831, 1162, 
1167 

Silicon, proportion of, in outer part of earth, 

83, 84'; ilioxide or silica, 84 
Siliqua, 1299 

Sillimanite, 103 ; in contact- metamorphism, 
773, 797 

Sills, 287, 313 ; characters of, 732* ; lacco* 
litlc form of, 736 ; effects of. on con- 
tiguous rocks, 736, 767 ; connection of, 
with volcanic action, 736 
Silurian system, phosphatic deposits in, 180 ; 
cherts of, 180 ; volcanic phenomena of, 
313, 348, 761, 935, 946, 947, 949, 961, 
963, 966, 972, 974 ; rocks of, wedged in 
along border of Scottish Highlands, 796, 
952 ; account of, 938 ; origin of name of, 
983 ; flora of, 936 ; fauna of, 987 ; fai- 
dications of climate in, 943 ; evidence of 
great terrestrial mp^ jmente in, 96S; 
evidence of a wide region of, flrom 
those movements, 967 ; distribution of, 94ft 
Siluriqtt, proposal of term, 918 
SimibirekUee, 1183 
iSiiiM<1297 
Smot^en, 1290 
SiiMoeattfM, 1089 
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Simm. 1229. 1243 

191. 478. 805. 811 ; ^ 
slIlcMttt, 95, 195. 291. 815, 317, 478, 
809. 611 
1388 ‘ 

SiphoHia, 1166*. 1167 

Sijpkoi^rda, b39 

SireniUs, 1106 

8irocco-du»t, 444 

SirontcUt, 1215 

iSiMxUAmum, 1278, 1296 

Siwalik Mries of India, 1241, 1297 ^ 

Skaptar Jokull, eruptions from, 277, 296, 
800 

Slaggy texture, 138, 274, 341 
Slate, 170, 417 ; heat evolve<l by, in crush- 
ing, 401 

Sleet, production of. 447 

Slickensidee, 661, 688 

Slimonia, 942, 1005 

Sloe, fossil, 1287 

Sloths, fosail, 1273, 1317, 1361 

Smaragdite, 102 

Smilax, 1223, 1258 

Snails, rock-lwring by, 602 ; early forms of 
land-, 1033 

Snake River, lava-fields of, 344* 

Snakes, fossil, 1271 

Snow, forms of crysUls of, 189 ; transiwrt 
of, by wind, 437 } occasionally lailen with 
diist. 440, 444 ; production of, 447, 533 ; 
geological action of, 534 
Snow- ICO, 189, 535 
Snow -line, 533 

Soda, proportion of, in earth’s crust, 87 ; 

occurrence of natural, 190, 325 
Soda-lakes, 527, 531 

Sodium, proportion of, in outer part of earth, 
88 ; combinations of, 85 
Sodium-carbonate at volcanic veuta, 269 ; in 
bitter lakes, 526, 529 

Sodium-chloride in sea- water, 46 ; argument 
from, as to age of the earth, 78 ; occur- 
rence of, 107, 189 ; in minute cavities of 
rocks, 144 ; deposits of, 189 ; at volcauic 
vents. 269, 307 ; as an efflorescence pro- 
duct in dry climates, 446 ; in rain, 449 ; 
in spring*, 472 ; in riveiw, 488 ; in bitter 
lakes. 527 ; precipitation of, 529, 530 
Soffioni, 813 

nature and varieties of, 161, 460 ; for- 
mation of, 438, 459* ; influence of earth- 
wonns on, 480. 800 ; removal and renewal 
ol^ 481 ; cheml^ action of, 469 ; effects 
oi froet on, 632^ 

Soil*eap. 482, 632, 889 
8oiw<mnai*. tebles du. 1235 
SMoHum, 1170^ 

MasUr, 1189 * 

Ateciir<iu.t388 
ackmifB, 1088^ 




Foraatta. 912 
* in ealcareoua distriota, 477 


Soknoim, 1970 
S6tmupUmm, 9l^ 980 
3(deit^»ste, 1083 
SofentHt&obks, 1223 

Solfataraof Naples, 288, 318 ; of Ctlifomii, 
4c.. 811 

Solfataric alteration, 318, 230, 289, 318. 
772; phase of volcanic 4ncfgy« 287, 278, 
289, 318, 811 ; deixwltion of mineral 
veina, 811 

SolidiflcatioD, contraction of glassy rooks in, 
408 

Solids, ex{)eriments on flow of, 421 
Solomon Islands, upraised coral-reef* of, 
382, 622 

Solution, by rain, 451 ; by underground 
water, 473 ; mineral veins fomkiKl by, 809, 
HIO 

Solutions, use of heavy, in petrography, 116 

Holutrian series, 1849 

Holvsliergite, 208. 221, 223 

iSonniMvi, 1189 

Sonstadl’s solution, 1 15 • 

Soret'H principle in rock differentiation, 714 

Snrx, 1287 

Sorrel, fossil, 1276 

.SoumIiIc, fossil, 1304 

Spain. *Sff Spaniah Peninsula 

SfHdaf4)(herium, 1128 

Spanish Peninsula, geological maps of, lOf 
earthquakes in, 359, 366, 876 ; Cambrian 
formations in, 928 ; Hiluritu, . 973 ; 
Devonian, 994 ; C'arlmniferous, 1 064 ; 
Permian, 1076 ; Trias, 109H, 1104; 
Jurassic, 1168 ; Cretaceous, 1206 ; OUgo- 
cene, 1258 ; glaciation of, 1308 
Sparagniite, 167 
Sparidie, ancestors of the, 1173 
.S)4innacian, 1234, 1235 
Sparodus, 1068 
Spars of mineral veina, 814 
SpeUangiu, 1256, 1274 
Bpatbic iron, 107. 194 

Species of organisms, derivation of, by 
I descent, 886 ; slow dis}>ersal of, 888 ; 
slow evolution of, 838, 842 ; disappearance 
of living, in geological formations, 856 ; 
succession of, in the Geological Record. 
866 ; once extinct, never reappear, 856 
Specific gravity, deteriuinatiou of, 114, 140 ; 
influence of, in differentiation, 406, 407 » 
of glass less than that of crysUdllsed 
loatertal, 214 

Spectroscopic investigation, 17 
Speeton Clay, 1145, 1182, 1188. 

1202, 1207 

Spermophau$, 1304, 1836, 1362 
SphmtJDOchui, 941 
^dutriwny 1890, 1287 
SpUeroeeraa, 1151 • 

SphMTCHiiU*, 988 
Sphmro^MhaliiiMU, 916 
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fpUtutearUhui, 1024 

(phene, 97, 104 ; artificial formation of. 418 
M a contact-mineral, 773 
^phMocephalw, 1173 
^Iphenodiicua, 1172 
^phmophyUum, 1028, 1074 
^phenopteridium, 937, 1012 
SphenopterUy 987, 1002, 1026*, 1071, 1085, 
1109, 1112*, 1186 
SphmoxaiMl€»i 1086 
Spheroidal structure, 133 
Bpherulitic structure, 131. 132*, 152 , 153 
164, 196, 211, 214 ; artificially obtained, 
406, 414 ; conditions for production of, 
718 ^ 

Sphyradoceraat 986 

Spider, fossil forms of, 1032, 1248 

Spilosite, 248. 783 

Spindle-trees, fossil, 1251 

Spinels, 97 ; artificially formed, 406, 413 

flWn/er, 940, 985*, 986, 1021*, 1022, 1066 

^iriferina, lAl*, 1078, 1096. 1116*, 1135 

Spirifers, extinction of the, 1115 

Spirigtra^ 1161 

^rocyalhMt 912 

Spiroplectat 1242 

Spiropora^ 1115 

^rorbia, 939, 1022 

^ru/o, 1118 

SpitvlOy 1284 

SplUbergen, uprise of, 380, 887 ; effects of 
frost at, 632 ; glaciers of, 539, 547, 556 ; 
drift-wood in, 581 ; Old Kcd Sandstone 
in, 1018 ; Carboniferous, 1056 ; Perniian, 
1081 ; Trias, 1108 ; ,)urassic, 1158 ; 
Cretaceous, 1208 ; Miocene, 1271 
Splintery fracture, 138 
S^Hmdylua, 1169*, 1232, 1258, 1263, 1296 
Sponges, protective influence of some, ^04 ; 
contribute to siliceous deiwsits, 624 ; 
earliest known, 911, 913*, 937, 94/ ; of 
Triassic time, 1086; Jurassic, 1114; 
Cretaceous, 1166*, 1167, 1186 
Spongiomorpha, 1086 
Spotted schist, 248, 773, 779, 780, 781 
Springs, evidence of hot, as to etirth’s in- 
ternal heat, 60 ; iufiiienced by volcanic 
eruptions, 285 ; hot, 315, 468, 469, 473 ; 
analyses of waters of, 317 ; affected by 
earthquakes, 374 *, origin of, 465 ; varieties 
of, 467, '468, 470, 471 ; affected by varia- 
tions of atmospheric pressure, 467 ; 
temperature of, 468, 470 ; chemical action 
of, 469 ; depolhs from, 469, 475 ; sub- 
stances dissolved by, 470 ; calcareons, 
471 ; ferruginous or chalybeate, 471 ; 
brine, 472 f^iedicinal, 474,; oil, 478 ; 
amoiwt of mineral matter discharged 
477 ; tunnels and caverns mode by, 47? ; 
mechanical action of, 479 ; de]|psit of 


Mrn«on Irf imalfit at 

• indepPtlta of; 627 . 

Spmoe-fir, foesil 1287 ; history of 

of, intp Scandinavia, 1360 ^ 

Spmdelstein, 191 cs 

SqiuUodoTi^ 1246, 1261 
Squamata (lizards), fossil forma of, 1176 ^ 
Saxtatina, 1255 

Squirrels, early forms of, 1227t 1234, 1271 
Stachannularia, 1028 
Staeheia, 1020 
Stacheoeercu, 1067 

“ Stage ’* or “ Group ” in stratigraphy, 860 
Stagiuioity 1179 
Stagonolapis^ 1090 
Stalactite, 191, 451, 4V4*, 475 
Stalagmite, 191, 451, 475, 827 
Stampian Stage, 1249, 1258, 1264, 1259 
Star- fishes, fossil, 912, 914,* 984, 1115 
Star Formation (Queensland), 1068 
Stars, composition of the, 18, 19 
Staurnrephalua, 968 

Staurolite, 103 ; in contact-metamorphism, 
773, 797 

Staurolite-slate, 248 
Stavronexna^ 1167 

Steam, influence of, in volcanic eruptions, 
266, 285, 286, 291, 294 ; absorbed in the 
subterranean magma, 353 
Stfinmannitea, 1106 

Stegocephalia, the earliest known amphibia, 
1083, 1068, 1069, 1089 
Stegoceraa, 1217 
.SYe«7<v/oM, 1297 
Stegoanunia, 1125 
Stella at ety 1139 
StelUapongid^ 1086 
Stenarcestea, 1108 
Stenaater, 948 

Steneofiher, 1249, 1254, 1278 
Stenecsaarifa, 1122 
Stenntheca, 915 
Stemthyra, 1250 
Stephanian (Carboniferous), 1051 
1 Stephan itea, 1106 ' 

I ^ephanngraptvs, 938 
I Stepheoeeraa, 1119, 1138*, 1139 
Stepheoceras humphresiannm. Zone of, 1139 

• Stepjies, fauna of the, 1352 
I SlerculUt, 1217 

Sterettcephalua, 1217 
Stereognuthua, 1128 
I Stnearachia, 1069 
1 Stentbergia, 1028, 1071 
Stiginaria, 1004, 1019, 1028, 1029*, 1080*, 

I 

Stigmariopais, 1019 

Stiibite, 96, 104 

Stinkstein, 191 

Stockilal^hales, 964 

Stocks and Stock-works in mining, 818 

Stomatopora, 11^, 1168 |r 

Stomat<paia, 12TO 




"^riod, 

tfioaiiidd Slrte, 1188. 1140, 1141 
SkoH ib^ 1264 
8fai|m*bealheB, 680 
Stormi, destruction of life by, 828 
StOM>Mlte in glecifttion, 1304 
tf^in-slip cleavage, 681 
Btraad-linea. , See Beaches, Raised 
StrapoToUui, 986 

Stratiflcation and its accompaniments, 633 ; 
forms of, 634; physical conditions in- 
dicated by, 634, 636, 639, 643, 649, 653, 
667 irregularities in, of contemporaneous 
origin, 689 ; deceptive effects of overthrtist 
faults In, 641 ; surface-markings in, 642 ; 
alternations and associations of sediments 
in, 649 ; relative persistence of different 
kinds of sediment in, 661 ; relative lapse 
of time indicated by, 658 ; ternary succes- 
sion of sediments in, 666 ; classification 
of sedimentary groups in, 656 ; deceptive 
appesutuice of horirontality in, 669 ; affonls 
a datum line for computing effects of up- 
heaval and denudation, 1364 ; influence 
of, in scenery, 1379* 

Stratified structure, 136, 158, 160 
Stratigraphy, principles of, 855 ; propo8e«l 
scheme of, based on tlie succeasioii of 
mammalian forms, 1220 
Strato-vulkane, 324 
Stratum, definition of, 635, 860 
Streaked structure, 131 
Stream-works for ores, 812 
Strebloceras, 1251 
StreHopteria, 1066 
Strepsiceros, 1297 
Strepsodus, 1031* 

StreptdasmOt 937 
^epiis, 944 

^repkrrhynchns, 990,1022, 10/8 
Striated pavements in Ixnilder-clay, 1.51 - 
Stricklandint'a^ 940 

Strike of rocks, 670 ; relations of, to ciiiva- 
ture, 673 
Strike-faults, 695 
Strike-joints, 660 
Stringocephalus, 985*, 986 
Strix, 1264 

Strvmaiomorphfi, lOoo 

i^TxnruUopomt 939, 984 

|Stt’267!276,m2SS,283,m 
Strombolian phase of volcanic energy. 278, 
289 ; Influenced by the seasons, 283 
trombus, 1170, 1268 
Strontianite, 86 ^ ^ 

Strontium, proponion of, in outer part of 
earth, 83 ; combinations of, 86 
Strophalosia, 986, 1066, 1067* 
StropheodontOy^bi, 986 

Sirop^UeSyAQOS 

Str^phediUy 1141 


.Ml V 

Struoturo in rooks, 127 
•Slnakio, 129$, 1297 ' 

Sturgeon, folMl, 1287 
StyfaeoetoHy 1169 
SfyfaetrtFO, 1133 
Styltiin, 1086 
Sfylinotloiu 1228, 1243 
StylM4h 932 
Styloeahmitfs, 1065 
StyliHventiu 1236 
StyMon, 1128 
Stylolites, 420 
Stylonurtis. 942, 1005 
StylophylluWy 1086 
StyraXy 1 268 

Styrifesy 1107 

SuWrial conditions, evidcnci^i^ of furnier. 
643. 834 

Sub-A|>ennino Series, 1291 
SulkAthu (Iroup, 1241 

Sublimation, pitxlucts of, 96, 268; ut vol 
came vents, 268, 313, 314 : on lax-a- 
Htreams, 307, 309 ; e\i)erijuents in, 408 ; 
in connection with imneral veins. 810 
Subaideme, at volcanic vents, 310 : from 
earthquakes, 374 : secular, 377 ; evidence 
for. 388 ; causes of, 392, 408 ; altrihnied 
to deposition, 396, 399 ; may not materi- 
ally alter rocks, 399 ; eflects of, on rivers, 
874, 4H7 : shown l*y peat-mosses. 608 » 

Submnl, definition of, 161 ; forniAtlon of, 
438, 459*. 461 
SHhuhten, 915 
Siirrniciiy 1284, 1334, 1352 
1144 

Aos«»/7't/ «, 117 5 
Suejisw, 1116, 1136 
SucKHonian Stage, 1240 
Suer, saliferous deposits near, 530 
.SWa, 1254 

Sulphates, 86. 107 ; As emnreseence pro- 
ducts, 446 ; in rain, 449, nil net ion of. 
Ui sulphides, 451 ; lleromposcd by alka- 
line cart»onales, 470 

Sulphides. 108 ; weathering of, 451 ; dej/osits 
of, now forming, 628 ; in mineral veins. 

Sulphur, projiortion of, in outer part of earth, 
83 ; trioside, 84 ; combinations of, 86, 
107, 108 ; native, occurrence of, 92, 461 ; 
nt volcanic vents, 269 ; as a mineralising 
agent 415 ; resulU from decomposition 
of gypsum, 451 ; springs, 472 ; deiwsits 
of, 1269 

Sulphuretted hydrogen ia Black 47, 
028 ; a* a s/mree of nallve sulphur, 92 
451 ; at volcanoes, 268, 313 ; at mu<! 
volcanoes, 318; in springt, 472 ; in 
lagoons, 57^ ; in blue muif flf sea bottom 

W2 ^ , 

Stflpburic acid, composition of, 84 ; at vol 
vents, 268, 318; in atmosphers 
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449 ; t' 2 

449 * 

Snlphuroot toid at vokitnoM^ 266, 869, 886 1 

Snlphurout wateri, 478 \ 

Sumach, fowU, 1276 \ 

San, comporitlon of the, 18 ; influence of 3 
attraction of; 29 ; age of; in relation to i 
that of earth, 80, 81 I 

8un>ctached segments, 648*, 987 ^ 

Sunlight, effect of; on some niiuerali, 482 j 

Superpositton, older of, 657, 836 ; funda* 
menhU importance of In stratigraphy, 667, 

886, 866 

Surtu^brand, 182, 1260 

<Stt«, 1237, 1272, 1287, 1201, 1296, 1297 

Swabia, volcanic vents of, 280 

Swallow-holea, 477 

Sweden, Set Scandinavia 

Swinestone, Rl ^ 

Bwitzerland, geological maps of, 10 ; eartn- 
quakes of, 869, 362, 384, 369 ; landslips 
of, 480, 481* ; avalanches in, 493, 684, 

643 ; glaciers of, 638*, 6,39*, 649* 653, 

666 ; “ giants' kettles " of, 651 ; erratic 
blocks in, «4*, 1338; Eocene osseous 
breccia in, 1237 ; Oligocene, 1267 ; Miocene, 
1270 ; Interglacial de{)Osits in, 1338 ; succes- 
sion of glacial deposits in, 1389 ; Neolithic 
deposits in, 1360 ; sections of Jura in, 
1368, 1369. See also under Alps 
Sycamore, fossil, 1838 
/icum, 1283 

Byene, granite of, 205, 216 
Syenite family, 216 

porphyry, 217 

Sylvine, 190 
Sj^nborodon, 1249 
Sffmphysurus, 9‘22 
Symplocos, 1231 

Synclases, 668 , , ^ 

Synclines, 675 ; not usually marked at the 
surface by lines of valley, 1368, 1384 
Syncliuoria, 678 
Synodadia^ 1066 

Synthetic organic types. See Generalised 
organic types 
SyringodendroUf 1019 
Syringoiitest OO"? 

Syringopora^ 987, 984 
‘•System" in stratigraphy, 860 
SyOmodim, 1248 

Tablelands, 63 ; estimated rate of denuda- 
tion of, 692 ; twofold origin of, 1381 
Tachylyte, 286 

Tteniopierit, 1066, 1085, 1112*, 1245 
Talc, 101, 106 
Talc-achist, 263, ^9 
Talohir Group, 1058, 1079 
TalpOi 1287 ^ 

Talut-slopea, 160 

TanendtOf 1189 • 

Tangles, protective influence of, on coaate, 

608 . • 
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Tapfan, fbssil, 1228, 1249, 1271 * 

Tajnrufus, 1284 

Tapirus, 1249, 1291 

Tar, mineral, 186 

Tarandian (Reindeer) Epoch, 18' 

Tarannon Shales, 958, 966 • 

Tasmania, geological, ^p of» ^ * f 
Cambrian rooks in, 907 ; * 

Silurian, 980 ; Carboniferous, 1060 ; older 
Tertiary, 1246 

Tasmanian Devil, fossil, 18M 
Taunus, metamorphism in the, 800 
Taxites^ 1140, 1267 
Taaitic structure, 131 
Taxocrinus, 1022 
Taxodiutn^ 1214, 1262, 1276 
Taxoxylon, 1267 
Tchemozom, 161, 169, 460, 606 
Tealby Series, 1182, 1184 
Tegel, 1268, 1294 
Tejon Series, 1244, 1260 
TeleoceraSt 1278 
TeleomuruSt 1122 
Tdeosteus, 1207 

Telerpeton, 1089 ,oqa* 

Tellina, 1215, 1242, 1268, 1277, 1816, 1880 
TelmntorniSt 1179 
TebnntoOierium^ 1243 
Telmatotherium Beds, 1243 
Temneehiniui, 1278 ^ 

Teinnocheilus, 1066, 1087 , 1088 
TemnocidnriSf 1208 
Temnocyon, 1273 . , , , 

Temperature, zone of, invariable benwth the 
surface, in crust of the earth, 60 ; '“C***^ 
of, downwards, 6l, 412 ; critical, 72 ; 
of earth’s nucleus, 72 ; water-vapour in 
lava above critical, 267, 294 ; effect of 
changes of, on rocks, 434 ; in oceans, 668 
Tempskya, 1066, 1185 
Touch, fossil, 1287 
Teneriffe, Peak of, 330*, 331, 339 
i Tension, influence of, on rocks, 416 ; jointt 
1 due to, 661 ; rupturing by, 684 
Tentaculites, 983, 940, 986 
Tephrite, 237 
TeratosauniSy 1089 
Terehro, 1263, 1298 
. Tmsftnjfetta, 1141, 1168, 1261 

TerdmUula, 960, 1021*, 1022, 1071, 1096, 
1116*, 1188*, 1266, 1271, 1288 
Ter^ratidina, 1168, ^246, 1^ 
Terebratulina lata, Zone^ 1182, 1192 
TerebrirostrOt 1168 4^ 

. . .o. 


Termiteay^eological opertuanB of, 0^6 
I Terra r3S, 467 
Terrace- fipMh, 507, IW® ^ * 
l^rrKwe of riv^ 607, 1846 
I Terrain ffidirollthique, 1266 ^ 


IM } fttratigrapiatM] portion oi, 861 $ de- 
tMttiptlDn of, 1219 
Ti^eniti^ 234 
TMndo, 1264. 1295 
JUrabtlodon, 1299 
fretraamodoHf 1297 
Tetracus, 1249 
J’(5<raffOrt««,'ll72 
TtiTogonoUpis, 1122 


Tdragraptus, 932, 936*. 938, 945 
Tetralophodon, 1294 
TttrapUnis, 1231 
Teuthopsii, 1118 
TexttUaria, 1020, 1166, 1257 
ThalaaaempSt 1145 


Thalasaocfraa, 1067 

Thames Rivei*. 484, 486, 487, 488, 489, 492 
Thamruutrfea, 1086, 1114 
ThamniacuSf 1022, 1066 
ThamnograptuH, 978 

Thanet Sand (liianctiau), 1229, 1234, 1235 
Thawmtomuru^, 1137 


Thaumatopitris, 1098 
Thecachampaa, 1242 
Thecidium, 1135, 1193 


Thecodontoaaurm, 1089 


TheaainUia, 1086, 1114, 1133 
TkdodM, 942, 1007 
Theonoa^ 1277, 1282* 

Theralite, 232 
TheretUhcriitm, 1249 
Therul(nnttSt 1234 
Theriodouta, 1090 
Thtrioauchits, 1147 
Thermal conductivity of rock‘«, 63 
Thermal springs, 60, 291, 315, 469, 471, 473 ; 
deposits from, 469 ; tern pcrat fires of, 473 ; 
chemical composition of. 473 
Thermo-metamorphism, 765, 779 
Theroraorph reptiles, 1069, 1078 
Thinnftldm, 1085, 1161 
Thinolite,. 531 
Tkinopus, 987 
Tboulet's solution, 116 
Thraeia, 1093, 1146 
Thracian Stage, 1294 
Thrisaops, 1122 
Throw of faults, 690, 694 
Thruit-planes, definition of, 691* ; examples 
of, 677*, 793*, 794, 1058, 1064, 1370 
Tht^a, 1267, 1292 

Tht^Ue$t 11^ 

Tki^opitM, 1271 
Than, Lake of, 610 
Thnringiaa (Pera^), 1069 
Thursiau, 1005 ^ 

Thyarirci^ 1299 
2%yea<es^ 942 
Tk^aemutt 1^ 

ThgiMcUa, 1^ 

1161 

ThfMtioerip^ 988 


TkanUrimti, 984 

Tiber River, 493, 516, 517 

fi5efito,1089 

tidal, retardation, argument from, u to age 
of the earth, 79, 81 ; erosion, 574 
Tides, argument fiom, as to internal condi- 
tion of the globe, 69 *, cause ami varying 
height of, 556 ; erosion by, 574 
Tiefeu-gesteine of Hoseubusch, 197 
Txgillittay 927 
Ttgriauchua^ 1090 
Tiiestones, 953, 961 
Till, ,Sp< Boulder-clay 
Tilfodonts, 1228, 1243 
TUUnheriton, 1228, 1243 
Timanoctrm, 986 
Tinguaitc*. 208, 221, 223 
Tin-ore, veins of round granite Itosses, 809 
Tinocerua, 1228*, 1229, 1248« 

Tinwloit, 1159 
Tiroliau Series, 1106 
Tim/ttes, 1089 
Tiasotta, 1173 

Titanic itciJ, proiiortlon of, in earth’s crust, 
87 • 

Titjuiic iron. 96 ; artificially formed, 413 
TUanifhtkga, 9H8 
Titanite, 104 

Titanium, proportion of, in outer ^lart o' 
earlh, 83, 85 ; combinations of, 86 
TUatumya, 12.54 
Titanopa, 1249 
Tifmiimifrxta, 1173 
Ttfatuiam'hua, 1089 
TUmutthenwn, 1240, 126.5 
Titanotheriiim Beds, 1260 
Tithoiiian. 1148, 1166, 1160 
Toads, fossil. 1271 
Toadstoue, 1041 
Toarcian Stage (Lioh), 1151 
Tiditfa, 1112 
Tomnculuin, 928 
Tonalitc, 224 

Tonga Islands, submarine eruptions of, 884, 
335 ; elevation of, 621 
Tongrian Stage, 1263, 1256, 1258, 1259 
Torbanite, 185 
TortUdla, 915 
TorJtia, 1086 
T(nrtweeraa, 986 
Torrejon Group, 1243 

Torridon Samlstone, evidence of alow depoai- 
tion of, 76; arkose of, 167 ; veslcnlar 
pebbles in, 348 ; dykes of, in LewWi 
gneiss, 666*, shearing of, 682*, 683* 
tension nipturee in, 684* ; stratlgrapbic 
position of, 793*. 88|^deUU«d accom 
of, 890 ; posidble traces of organisms i 
891. gtacial-Uke characters of, 1809 
Tors, o^n o^ 466, 467* ^ 

Torsion, jolxdk due to, 661 * 

Tortoises, fo&il, 1131 e 

T^rtoniaa BUge, 1266, 1270, 1271 
Toecaitfte, ^8 
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3rotenw,1^64 ■ -r 
Tourmaline, ibi, 168 ' . 

Tourmaline^schitt, 264 
ToxasUr, 1168 
ToxodoTiiia, 1273 
Traehodmi, 1176, 1217 
Trachyetrat, 1089 
Trachyderma^ 961 
Trachydolevites, 228 
Trachypora^ 984 

Trachyte, 225, 227 ; fornu domes, 323, 329, 
761 ; place of, in volcanic sequence, 350 ; 
metainorphisni by, 770 
Trachyte-glass, 227 
Trachytic andesite, 229 
Trachytoid structure, 152, 196 
TriMle Winds, 22, 560 
Tragoceras, 1278 
TrtigiUohyus,^2i9 
rraguliM, 1297 

rransition Hrx'ks, 861, 916, 933 
rrapetiuiii, 1136 
rrass, 175, 271 
rravertine, 191, 476, 531. 611 
Trtehmys, 123^ 

Trees, erect, in sandstone, 650*. 654* ; 
chronological indications furnishe«l by, 
664*, 655* ; in basalt, 758* 763 
Tree-ferns, fossil, 1026, 1066 
Tremadoc Slates, 921, 922, 945 
Tremunahm, 1109 
indfi/i, 939 
muttMw, 915 
Tretnafosuu nt.s, 1 089 
TrenioUto, 101 
Trenton Group, 978 
Tretw'eras, 955 
TretostnuHvi, 1147 
Tnacanth<Hl»n, 1128* 

Triarthrus, 911 

Triassic system, origin of name of, 1084 ; 
remains of volcanic action in, 349, 1099, 
1 102 ; footprints in samistone of, 644* ; 
sections at top of, 649*, 652* ; meta- 
morphism of jiarts of, 804, 1099, 1105; 
description of, 1084 ; lagoon phase of, 

1084 ; pelagic phase of, 1086 ; flora of, 

1085 ; fauna of, 1086 ; in Britain, 1091 ; 
in Central Kurope, 1095 ; in S.-W. Europe, 
1098 ; in Scandinavia, 1098 ; in the Alpine 
region, 1098-1104 ; in Asia, 1106-1108 ; 
In Arctic Ocean, 1108 ; in Anstralasia, 
1108 ; in Africa, 1109 

Tricentfs^ 1243 
:-'Triceratoj)S, 1170 
Tricheehnst 1285 
Triconodon, 1128*. 1169 
Trldymite, 96 ; artWlcial, 407, 413 
986 

Tngonia, 1103, 1116, 1118*, 1119*, 1169, 
1246, 1300 •• 

TrigotuMmpwtt 1028 
TrigonoSus, 1088 
Trigonograptus^ 946 


Trijfgpomm, It6l 

TriitodMHim 

TrilobltM as characteristU , 

phytogeny of, 886, 847 ; earlies^forms of, 
912*, 913 ; eyes 914 ; great profusion 
of, in Silurian time, 940, 974 ; liiminutioii 
of, in Devonian period, 984 ; still furthei^ 
waning of, in Carboniferous time 1023 
last found in Permian rocks, *1066 
Tniophodon, 1294 
Tritiurdla, 968 

Tri)fterocephahis^ 941, 986, 994 
Triineroceras, 940 
Trintja^ 1254 
Trinity formation, 1212 
Triintclens, 941* 

Trionyx, 1214, 1231, 1251, 1297 
Triplesia, 948* 

Triplopits, 1243 

Tripoli powder (Tripolite), 95, 179, 610 

Tripri<Hinn, 1179 

Tristan d’Acunha, 341, 347 

Trisfirhivs, 1043 

Tr iat i eh opt e rtus, 1005 

Triton, 1202, 1282 

Tri(oun/n,<tu», 1277 

Tritons, fossil, 1287 

Triria, 1245, 1277 

Trochtimmina, 1020 

Troehturras, 955, 962* 

Tochocynthns, 1167, 1300 
Tiochorysfites, 912 
Trorhoneinn, 915 
Trorhosmltin, 1167 

T/w/jus-, 962*, 1117, 1170, 1253, 1267, 1277 

Troeolites, 949 

Troctolite, 232 

TroffMyfe.s, 1297 

Trogons, fossil, 1254 

Trogioitherinm, 1285 

Tronn. 190, 325 

TnmtfM'i i7iv~<t, 939 

Trnphon, 1280*, 1330* 

Tropidocoria, 1006 
Tropuloftpiits, 984 
Trop7do)wtv*<!, 1287 
Tropites, 1089 
Tmnottuhmt, 1257 
TryhVuiivm, 940 
Trygon, 1261 
Tninxavlis, 1073 

Tufa, calcareous, 191, 476, 531 ; asaPaljeo- 
lithic deposit, 1 350 

Tuff, volcanic, 159, 172, 174‘, 271, 276, 
753 ; Bubmnrine, 339 ; importance of, in 
the investigation of former volcanic action, 
754 ; fossiliferous, 756^ examples of, 755- 
762 

Tuffeau, 166 

Tulip-treef lossil, 1165, 1276 
Tunbridge Wells Sand, 1184 ' 

Tundras, 161, 46p, 528, 606 
Tunny, fossil, 1267 



1101, im, ; 

iufluence of ft Iftyer 6r, 602 
Tn^iftn, 1182, 1191, 1194, 1196, 1200, 
1204, 1205, 1208, 1207 
^rrilepast 941 
THfrUite*, 1170* 


" Wi in, 345, 349 ; 

jMttogrftphicftl Mqnftnoi In (Nftvadft), 850 ; 
eurtli^uil^ of, 360, 872 ; upritie of land in, 
882 i deformfttion of region of (>r«at Lak^t, 
387 ; gravity in^a.sur«ment.s in, 396 ; 
range of toinptratwri* »h, 434 : »‘ronloii of 
lake banlns by wiiul in, 437 ; red t arih of, 
458 : roek'piUars nt, 483 ; Tied Linds of, 
464* ; mineral ajirinns of, 471 ; vixoraof, 


TurriteUa, 1W7, 1211, 1226, 1253, 1267, 
1277 

Turtlw, fossil, 1231 
Tuscaloosa Formation, 1212 
Tuscan Formation (California), 1272 
Tuscany, lagoons of, 814 
Tuscarora Deep, 41 
Tuvalian group, 1106 

TyUmtui'iU, 1215 * 

Tyloatium, 1212 

TymjHimtupus^ 1257 

Typhis, 1248, 1272 

Typotherut, 1273 


482, 484. 486, 492. 495, 502, 503, 504 ; 
evaporation and rainfiill in, 4S8 : Inguotis 
and coast liarriers of, 513*. 581 ; sidt and 
bitter lakes of, 526*. 531 ; froreii lakes of, 
532 ; glaciers of, 540 ; nningrovo swamiui 
and nioras.se>, of, 609 ; jdiospbalic de)iOfclU 
of, 627 ; inonocinud folds in, 874 ; Appa- 
bubiiin sinntuie in, 676* ; yietiograjdilo 
provinces in, 70s. 709 ; buTobti H of, 738 ; 
volcanic necks in, 7 H* ; sUjjj^'ssion o| vol- 
canic records- in, 761 ; nietiiiiiorpbism in, 
803 ; literaluie of ore deposits of, S07 
I'niled States, Pre-Canibnan nsks of, 905 
(‘'iiiibrian formations in, 1*30 ; Silurian, 977 ; 


Uinta Group, 1243 

Uinta type of mountain structure, 1368 
Uintacrinus, 1168, 1193 
Uintacyim, 1229, 1243 
Uintaite, 186 
Uiutatheriidee, 1229 
VinUithcnuuty 1228*, 1229, 1213 
Uintatherium Ik'ds, 1213 
VlfiUdiiHUi, 1065 

Ulmic substmices in soil, 450, oO.'' 

IVoim, 1263, 1292 
ClrHlemli'iiti, 1004 
Umia Group, 1160 
U nciuHlus, 986 
Uneiks, 985*, 986 

Unconformaliility, 653 ; deceptive appear- 
ance of, 687* ; eiainiilesof, 793* ; account 

of, 820* ; suggested inteKonlineiital extent 
ot some examples of, 881 ; value of, in 
investigating mountain strm lure, 1372 
Underchlf, 480 
Uudcrgrouiid i\ater, 465 
Vidtdfd, 926 

Ungulates, fossil, 1227, 1237, 1249, 1255, 
1273, 1295 

Ungiilite Sandstone, 926 
Uiiiformitariamsm m geology, 3, 75 
Unio. earlv forms of, 1088 ; fos-il species of, 
1147, 1185, 1250, 1270, 1294, 1297 
United SUtes, geological iiiajis of, 10 ; sand- 
stones of, 165 ; bauxite of, 169 ; shales 
of, 170 ; petroleum of, 18.5, 318 ; onyx- 
marble of, 191 ; graniU-s of, 207 ; ijuartz- 
porphyries of, 209 ; rhyolites of, 210, 212, 
213, 306; felg||S of, 215; basalts ol, 
235, 236 ; grcei^ne-scliisls of, 252 ; ex- 
tinct volcanoes of, 278 ; lav^ fields of, 
306; carbonic acid emaualiow in, 314; 
gas regioui^of, 818 ; explosion lake in, 
325 ; cMter lake in, 325 ; crowdwl cinder 
cones or, 327 ; fissure eltptions in, 34 ' 


Devonian, 997 ; Old Ked Sandstone, 1013 ; 
< ’.'ulemifcroUH, 1061 i I’jg'iiiiaii, 1080; 
’I'rias, 1109 ; ,luiassu‘, llSV ; Cietaceous, 
1210 ; K<»cems 1223, 1241; OligtH'ene, 
1249, 1260: Miocene, 1261, 1265, 1272 ; 
Flioccne, 1298 ; gliiciation of, 13U.S, 1306, 
1307, 1340 , loess ftt, 1351 ; post-glacial 
ot recent series m, 1361 
riistratllied structure, 136 
I'lislratillcd Hocks, dcsciibed, 195 
Upheaval at volcanic (enlres, 310 ; by earth- 
(piakes, 374. 376 : clfecl of, fii rivers, .374, 
I**? : seiular, 377 I evidence for, 381; 
causes ol. 392 ; local, may soineliines Ihj 
due to clieimciii clmtigcH, 400, 4.53 ; )uoofs 
of, in Facllic Ocean, 621 ; in Atlantic 
bnsiii, 622 
Vfi((nna. 1151 

I'raliau (Carlmniferous), 1051 
Uralite, 101 
rrahtiMition, 790 
Urao, 190 
Vrfucluiyx, 1173 

Urgouhiii, 1185, 1196, 1197, 1212 

Uriconiaii, 896 

f^roroniylus, 1033, 1068 

Cnmfums, 1031 

CV.VIM, 1287, 1291, 1297, 1355 

Unis. 1338. 1356 

Utzuach, lignites of, 1338, 1339 

VnytnfMn, 1271 
VuytfUMmojt, 940 
Vayinvlitta, 1133, 1242 
Valleys, longitudinal afiff transverse, 51 
1384 ; hottietimes begun by eartliquakei 
372, 375 ; ]Mxuiil)le rate of erosion of, 592 
causes dekmiining direftO^iu of, 1384 
not usualll coi(|cnlent vritii syi^ines c 
*raults, 1384 ; mainly the work orerosioi 



Valanginien, IIM, 1197, 'l204, 120ft 
Valvata, 1147, 1287, 1888 
ValiniliiM, 1020 
VaranuSt 1296, 1297 
Variollte, 233 
Varum, 1272 

Vectisaurus, 1173 ’ 

Vegetation, alleged influence of, in furnishing 
the atmosphere Avith free oxygen, 35 ; 
conversion of, into coal, 427 ; destroyed by 
animals, 602 
Vein-<iuartz, 195 

Veins, different kinds of, 738 ; igneous or 
eruptive, 205*, 207. 287*, 738* ; contem- 
poraneous, 738, 741 ; segregation, 741 ; 
of sandstone, 665*, 759* ; mineral, 469, 
812 

Vein-stones, 812, 814 
Ve/Ktimt, 1285 
, Veumrart/m 1231, 1299 
Ventriculites, 1166*, 1167 
Vents, volcanic, lissuros not necessary for 
pnnluction of, 279 ; elevation and sub- 
sidence at, 310, 338 ; linear arrangement 
of, 341, 317. .S’C Necks 
IVnutf, 1169, #267, 1277 
Vemetus, 1236, 1283 
Venieuilia, 986 
Verrucano, 1055, 1076 
Vertehrui ill, 10.59, 1107 
Vertebrutn, first tiaces of, 942 
Verticoi'iiM, 1283 

^’esiL'les with liquid and gus in rocks, 113, 
141* 

Vesicular structure, 133, 134*, 272, 306*, 
753, 760 

VespertUiiinis, 1237 

Vesuvmii tyjie of volcano, 261, 322, 343, 
762 ; successive plui-ses ot, 278 
Vesuviaiiitc, 103 

Vesuvius, volcanic phenomena of. 174, 267, 
268, 269, 271, 273, 274, 275, 276,277, 
280. 281. 282, 283, 284, 285. 286, 287, 
288*, 289, 291, 293, 294, 298. 299. 300, 
302, 303, 304, 305, 306, 307, 309, 310, 
311, 312, 323, 326, 332, 312; literature 
of, 267 ; section of, 332 ; began as a sub- 
marine volcano, 336 
Vejrilliini, 973 
VilrntnUes, 1213 
Viliurnuvi, 1161, 1236, 1252 
Viciiri/a, 1185 

Vicksburg Beds, 1212, 1260 
Victoria, 1223 

Vicuna Sandstone, 1205, 1223, 1239 
Villafrancbiau Stage, 1292 
Vine.s, fossil, 1247 
1287 

Vinjatitcs. 1157 

Virguliau (Kimeridgian), 1145, 1148, 1149, 
1153 

Viridite, 15/ 

Vitipht^ilum, 1211 
Vitia, 1235 


VitTMTU, $9, ih, iftd, 19«i 
r*<nntf, 1245, 1862 
VUulina, 98ft 
Vivara, Isle of, 290, 888 
Viverra, 1254, 1278 
Viverravur, 1229, 1243 
Vivianlte, 107, 881 

Viviparm, 1147, 1201, 1230, 1250, 1268, 
1284, 1291, 1297, 1334 • 

Vlasta, 940 
Vogesito, 219, 220 
Volhorthella, 926 

Volcanic action, account of, 262, 276 ; not 
necessarily deep-seated, 280, 352, 355 ; 
connection of, with atmospheric pressure, 
281-283; supposed relation of, to sun-spots, 
283 ; periodicity of, 283 ; paroxysmal, 
281 ; influence of, on springs, 285 ; steam 
in, 266, 28.5, 286, 291 ; explosions of, 
289 ; connected with subsidence and 
ele\atiou, 310 ; to be studied in connec- 
tion with Its ancient raanife.stations, 320 ; 
hiil)marine, 332 342 ; sequence of erupted 
materials in, 339, 349, 706, 886 ; in past 
geological time, 348 ; quiescence of, in 
Mesozoic time, 348, 349, 1082 ; causes of, 
351 ; possibly connected with earth 
movements, 358 ; relation of, to earth- 
quake,-!, 3(i9 ; cycles of, 713; relative 
(lates ol, .shown by fos-sils, 720 , records 
of ancient submarine, 755* 758* ; records 
ot subuerial, 758* ; destruction of life, 
lauscd by, .S28 ; terrestrial teatures duo 
to, 1375 

Volcanic cycle, 713 

Volcanic fiagineiifal rocks, 172, 273, 276, 
292; Cones, 264, 320, 1375, giihes and 
vapoiiis, 265 Mibliniiites, 269 ; water, 
270, 311 ; steam, 285, 286; explosions, 
289 

Volcanic islands, liteiatiirc of, 336 ; marine 
erosion ot. 333, 334, 339 
Volcanic rot ks, petrogi.iphy of, 195 -243 ; 
occurrence ot, in modern volcanoes, 262- 
358 ; altei nation of basic and acid, from 
same vent, 712, 7,54, 761 ; occiinence ol, 
in aichilecture of earth’s crust, 719, 753 ; 
intrusive, 721 ; contemporaneous, 753 ; 
quiescence of, during Mesozoic time in 
Kurope, 761 

Volcauisiu, Volcamcity, 262, 320 
Volcauoe,s, as evnlence of the earth's internal 
heat, 60 ; detailetl acrount of, 262 ; 
definition of term, 263 ; drilling of vent.s 
by, 263 ; fissure eruptions ol, 264, 342 ; 
Ve.suviau type of, 264, 32*2, 343, 762 ; 
products of, 265 ; active, dormant, and 
extinct, 277 ; sites of, ‘278 ; not necessarily 
dependant on lines ofC.ifsiire, 279 ; ordi- 
nary phase of active, 281 ; conditions of 
eruptio" of, 281 ; periodicity of activity of, 
283 ; paroxysms of, 284 ; general sequence 
of events in eruptions of, *2^4 ; discharges 
of mcandesci:f>t dust from, *28(r; traces o 
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j^jtctiiwi of dwt 
feoDQ« 9miaiioii of Uta 
tod tabsidoQoe At, 
AolfAtATio AtAge of, 278, 289. 813 ; 
ttmetoro'of, 819 ; monogena and poly- 
gene cone* of, 822, 324 ; Bedded and Dome, 
5fe4; calderas of; 290, 324, 326; 
**Masalve,” or “Homogeneous,” 330; 
most frequeot structural type of, 330 ; 
parasitic cones of, 826, 331 ; subiiiHrine, 
882 ; abuffdant over the oceans, 340 ; 
sequence of petrographic type-s at, 339, 
349, 712. 754, 761 ; linear grouping »1, 
341, 347 ; geographical distribution of, 
346 ; number of active. 346 ; distribution 
of, in time, 348 ; records of three t) i>cs 
of, in geological history, 763 . plateau 
type of, 763 ; puy type i>f, 764. 1044 
Volga River, affected by earth’s rotation 
23 ; slope of cliannel of, 486 
Volgiau Stage, 1157, 1207 
Volkmannia^ 1036 
Voltzia, 1065, 1085, 10S6* 

Voluta, 1231, 1261, 1271, 1277. 12S6* 
Volutiiithes, 117(>, 1225*. 1248 
Volvaria, 1237 
Vulcanello, 323* 

Vnlcano, 267, 269. 274, 275. 282, ”83, 299. 

300, 303, 313, 314. 339 
Vulsella, 1233 
Vnlsinite, 227 

Waaf(jen(icfrif<t, 1067 
Waccatnaw tirouj), 1293 
Wacke, 168 
Wa«l, 97 

Wadhurst Clay. 1 1 84 
Wagtails, fosatl, 1251 
Waipara I’onnation, 1246 
WiUrhiH, 1029. I06:i 

990, 113.'., 12t.l, 1300 

■\Vahiut, fossd, 116.5, 1276 
Walrus, fossil, 1287 
Warininstor Beds, 11 >2, 11^9 
Wasatch tiiouj). 1213 
Wasliita Kuniiiitioi), 1212 
Water, vajtour of, m atiuo'-pbeie, 37, 447 ; 
diiniuislies theiinal resistaiiM* of ri« ks, 
64 ; proportion of. m o!<lt‘r p.irt oj 
earth's crust, 87; alUTati<>u ol r^nks by 
ineteono, 156, 418, Jf,;-.. 469, 818 . inJlu- 
eiire of, in voh’anu- u.-tion, 2<.6. 2i0. 

353 ; drainage der:ii)ge<l by .streams, 
309; inrtueijce of healed, 409; preaein*- 
of, in all rocks, 409 ; {K'nimating power 
of, iiiorea.scd by heal, 410 ; aoheiit j«jwer 
of 410 ; this power iiicreaswi by carbonic 
acid, 411 ; an^.y heat, 411 , Whaviour 
of at high mr^^ratures, 413 ; never 
chemically pure, 41 1 ; three con.htions 
of 447 ; circulation of, ovi;j||thc surlace 
of the glokf, 448 ; undergrotnTd circula- 
tion of, 465; soft and hard, 470 , com- 
poaitiof of river, 488 ; i^imcal composi- 


1471 

• ^ 

tioii of, in iaIaUod to mineiml matter in 
suspension, 491, 495, 522 ; result of 
commingling of salt and frash, 491, 511. 
575 ; freezing of, and conHequent expun- 
aion, 581 ; expulsion of, >n contaot- 
metaiuorpbisni. 768 ; snbterraueau (ircu- 
lation of, invoked in exjdanation of 
mineral veins, 809 

Waterlalls.soniet lines caused by eiii llitiuskes, 
374 ; relation of. to viK'ks of i hannel, 
485 ; causes of, 5o0, 502 
Water ice, 189 

Water level, alter.itioji of, 416, 556, .^62 ; m 
undergnniiid lo. ks. 466 
Wat 1-1 lilies, tossd. 1251. 1270 
Water-liiye (Sibiii.ur, 977 

pmufimiit than 


Waterslu 

•ds. i:j.s3 

; less p« 

ilrnin ige lines, 

13S3 ; 

! 383 



W'ateisti- 

lies 'I'lias'' 

, 1(191 

W.ives, e 

'iiltlitiuake, 

, 361 ; »i.i 

by e.ii 

th'pUlkes, 

375 ; on 


I'd 11) tlie s,.;i 

piuki's, 375 ; on the mu, .561. 

.5ti7'57l 

Weald, delta of. 1181, 11. H5 
Wealden Sene,, 1182. 118:1, llM, 1198, 
12U.3 

Weasels, fossil. 1219 

Weathfiing, geiietal ii. <oniit ol. 1. cN- 
ami'le.s ol. 93. 96. 97, 98. 99, 101, |0'J, 

106. 108. MI, 208, 210. ;110. 419. 151, 
J.52, 45:.*. 762*. 1377. 1378*. 13^* ; 

iiiiivi 1 sillily of. 1 U), 761 ; aids Irom. m tbe 
investiiratloli of loeks, llO | dejith 

111, l.'t2 , euiis(‘d bj tulu, 449 , late ol. 
l.’il, 17»2, 1.58. importame of. m seiinh 
foi bissils, M9. 8.51 , vai.Sing iiillu nt'e 
of, in the e.\eaMilion of valle),, 1 t8.'i 
Wehrlile. 210 
HV, 1185 

W eiss-steiii, 258 

Wells 467 

Wemmeliun, 1231. 1238 
Weiigeii Beds, 1101, 1102, llOtJ 
W'enlock (Iron}!, 915, 953, 95.5 
Wellen l9-d.s, 1101, 1102. 1106 
WeslplniliHU f( 'ill bonifei oils', lO.M 
Whales, fossd. 1261, 1287. ni6 
W’het'Slate, 171, 172 
W Inn .'sdl ot Northuniberland, 733* 

White, AS a colour oi roi ks, 1.38 
WhiU'-lcuved-Oak Hl.'o k Shales. 923 
White bias. 1094 
White Kivfr Senes, 1219, 126;0 
W hite lr,»p, 741, 775 
Wh>(fifhlu'ht, 962* 

WuUrtiiiftiiUfi, 1253 
Wif/driH'/f'iitifrs, 1096, 1257 
Widmanstiitteii hgnits in meteorites, 17 
1112, 111^1 

Willow, fossil, 116.5. 1204, 1224, 124/,'-^ 

1276, 12H7 ; Anlh. 12'8 
W’l/nom/i. 9W, 986 

Wuid, tiaii'f'irliiAr pow^r of. 302 i^ieasun- 
*ineiit» of- vehicity of, 4*12; geological 


dI^U.oC^4; tnusporting otpadiy 
435 ; tn^i^rto volcanic dual^ to great 
(lintancea, 3^^295, 445 ; traosporta seeda, 
he,, 445 i iudicatioua of direction of, 
preserved among aedimentary strata, 
344 

mu, fossil, 1287, l.m l«6d, 1358 
WoUaslouitt, artilioial production of, 411, 
413 

’Wonil'ats, fossil, 1299 

Wood, coiiviMsiou of, mto coal, '427 ; fossil, 
474* ; aliiiudiiiit drill of, in Arctic seas, 
581 , fo-,silisatu)n of, 830 
Wood-opal, 95 
Wi)o<f>iri}nH)i, 1022 

Woodpci'kcrs, tossil, 1254 
Wqudstock (Jroup (Koreiie), 1241 


Woolliopu 1. 

liinestoiie, 953, 9.55 

Woolwich a 

lid Ueadin^ Hedh, 1229, 1230 

Wonits, Irai 

11 spoil of soil by, 160, 600 

Wurl/ilitc, 

186 

Xdutliop/yi'i, 

1231 

X, ilodlM 

1057, 1108 

Nciiylltlis, 7 

76 . 

Xeuoinorph 

ic, fn> 

Xenon in an, 36 

XfllOpIliO'll^ 

1282 

Xifi/imyiri'^., 

959 

Xipfiixfun, 

1231, 12,53 

X 1 /'Hut t'vfli 

M, 1137 

Xi/lufiui'i, Ui.32 
^ylotile, lo5 

Yakutsk, f 

r<vcn s^til of, 60, 61,6‘2 

K 

i.mu. 506 

Yellow as . 

1 colf/iir ol iO( k>, 139 

Yellow Kiv 

or, 506 


Yew, fo«U. J287, 1388 

Yotdia, 1215, 1273, 1288, 1814, ... 

YoWia-Clay, 1888 ^ 

Yorktown Beds, 1272 
Ypresian, 1234. 1235, 1288 
YucciUs^ 1208 

!!atnu)pkyllum^ 1210 
Zamtopteris, 1158 
ZomuKstrotnis^ 1086 

Zaiiiitcs, 1086, 1165 
Zanclean, 1291, 1292 
Ziiiidwlon, 1089 
Zaute, bituminous eniptiona ati 
Zophrenti.i, 984, 1017*, 1021 
Zfibsteiu, 1064. 1072 
Zllitnid, 1136 

I Zcoliu-s, 99, 104 ; formation of, in Roman 
j bufkH, ill ; can bo formed iu ice-cbld 
I waU'i, 111 ; nrtilicial production of, 414 ; 

I bumatiou of, in ot;c,an • abysses, 580, 

] Z>'u>t/'do», \->\2 
i Zinc, It) iniii'-tone, 18'< 

ZinnwaMllo, 101 

Zircon, 101. 163, 164; artihcally formed, 
413 

Zr.iphd^, 12:.8 

ZciMtc 99. 10.’., 790 

Zones. pal.i'i'iitolo^K dl, 813, 860. For ex- 
.iiujiUs .VC the a<ciiuni of the Meeozoio 
fonll!ltl<<ll^ in Hook \ 1. fi'isiitui 
ZjUkIci Z.cc. pnijMtcil icclainalioii of, 516 

Zihl»l‘l‘ ns^ l<t66 
106'< 

‘ Zudosfnnu 940 
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